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CHAPTER I GENERAL INTRODUCTION 
1-1 SCOPE A N D INTENT 
1-1-1 PEPTIDE SYNTHESIS ACCORDING TO THE SOLID PHASE 
PROCEDURE 
The principle of the solid phase peptide synthesis is based on the stepwise 
elongation of a peptide chain, bound to an insoluble solid support 
The great advantage of this method in comparison with the classical procedure 
is the easy separation of by-products formed and excesses of reagents from 
the desired peptide chain during the synthesis 
In the classical procedure the isolation and purification of intermediates, 
necessary after each reaction step, are very time-consuming The reduction 
of these laborious purifications to simple wash procedures provides a pos­
sibility for the automation of such synthetic tasks and leads to a major 
reduction of the time necessary for such multistep syntheses 
Many surveys have heen devoted to the planning of synthetic procedures and 
to the wide variety of methods used in the synthesis of peptides m solution 
as well as on solid supports 
With regard to more recent literature concerning peptide synthesis in general 
there are the monographs of Jakubke and Jeschkeit f1), Law (2), and Young 
(3), the proceedings of the last European and American Peptide Symposia 
(4 5 6 7 β 9 ю^
 a n review articles written by Kapoor f
1 1), Klausner and 
Bodanszky (12), and Gante (1Э 14) 
With regard to solid phase synthesis the reader is referred to a monograph of 
Stewart and Young (15) and to the essays written by Mernfield (1 6 l e ) , Okuda 
(17), Losse and Neubert (19), Wunsch (20), Sheppard (21), Marshall and 
Mernfield (22), and Fankhauser and Brenner (23) 
Polymers suitable for the synthesis of solid supports. 
The solid support most used in solid phase peptide synthesis is based on 
styrene cross-linked with divmylbenzene, as suggested by Mernfield at the 
introduction of the solid phase technique 
This copolymer appeared to be very feasible for use in the solid phase 
1 
synthesis, but its large difference in polarity in comparison with the peptides 
to be synthesized on it, has been mentioned as a disadvantage. 
Due to this difference, the behaviour of the resin changes with variation of 
the solvents used, as is il lustrated in f igure 1:1 (Sheppard ( 2 1 )). 
Θ Θ 
Figure 1:1 
Polymeric support with peptide chains, showing a different behaviour in solvents with 
varying polarities. 
An attractive situation with regard to accessibil ity of reagents should be as 
shown in f igure 1:1, a, where both the non-polar polystyrene backbone, and the 
shorter, more polar peptide chains are rather extended. 
In a non-polar medium such as CH 2 CI 2 , commonly employed for swelling and 
permeation of the resin, the polymer is indeed extended, but the peptide 
chains will shrivel (figure 1.1, b). 
In polar, solvatmg solvents such as acetic acid, DMF, alcohols, on the other 
hand the polystyrene backbone wil l shrivel, entangling the shorter peptide 
chains (c). 
For this reason pellicular resins ( 2 4 ), prepared by polymerisation of a thin 
layer of styrene onto inert glass beads, and also polymers such as polyamino 
acids (2 5) or Polyacrylamides (polymethacrylate (2 6)) with properties more 
comparable to those of the peptide chain, have been used. 
Shemyakm et al. (2 7) attempted to overcome the problems of swelling and 
permeation by the employment of a soluble polystyrene which makes it 
possible to perform all synthetic steps in a homogeneous phase. 
More recently Bayer et al. (2β- 2 ? ) used soluble polymers such as polyethylene-
glycol, and polyvmylalcohol, from which excesses of reagents were separated 
by ultrafi ltration. According to the last-mentioned, these supports enhance the 
solubility of longer peptide chains bound to them in comparison with their 
solubility as found in the classical procedure. 
This so-called "l iquid phase" method combines the simple isolation procedure 
of the solid phase technique with the wide variety of applicable methods 
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available for classical procedures, e g the use of the benzyloxycarbonyl group 
for protection of the α-amino group, which group can also be removed by 
hydrogenolysis in this procedure 
Enzymatic cleavage of peptides from their supports, as suggested by Ohno 
and Anfmsen (3 0) is also possible with these polymers 
Nevertheless, probably due to technical difficulties these polymers have 
scarcely been employed until now and will therefore not be discussed further 
The anchoring group 
A priori there are several possibilities for the attachment of ammo acids or 
peptides to a solid support 
As is widely known, Mernf ield bound the C-termmal amino acid via its carboxyl 
group to the solid support 
Letsmger et al ( 3 1 ), however, used a benzyloxycarbonylchloride-contaimng 
polymer in order to attach the W-termmal ammo group to the resin This 
procedure is subject to large difficulties, because it implies stepwise extension 
at the carboxyl end This requires activation of the carboxyl group of a poly­
mer-bound peptide and raises a serious racemization problem 
Recently, Felix and Mernf ield ( 3 2 ), and Dahlmans (з э) have again applied such 
a procedure 
Attachment of an ammo acid via its side-chain to the polymer has been 
reported, among others, by Meienhofer and Trzeciak {34) and by Glass 
et al (35 36) 
The only advantage may be the possibility of a more selective scission from 
the solid support Stepwise elongation from the ammo terminal side, however, 
remains preferred, so this attachment yields no large advantage m comparison 
with the original Mernf ie ld technique 
Patchormk et al ( 2 5 3 7 ) , and Wieland and Birr f 3 8 ) employed polymeric active 
esters, and the use of a polymeric carbodnmide as condensing agent was 
introduced by Wolman et al (3 9) 
These procedures, however, raise serious stenc problems during the coupling 
steps 
Thus it may be concluded that these variants of the Mernf ield method, pos­
sibly advantageous in special cases, are generally much less useful than the 
original procedure 
The further choice that has to be made, concerning the way in which the 
peptide has to be attached to the resin, concerns therefore only the type 
of bonding between the carboxyl group of the C-termmal ammo acid and 
the solid support 
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According to Wunsch (20) and Sheppard (21) the attachment can be decisive 
for the success of a solid phase synthesis, because it determines, among 
other things, the procedure that has to be used for cleavage of the peptide 
from the resin 
Mernf ield (40) chose a carboxyl attachment of the benzyl ester type, using 
chloromethylated copolystyrene - divmylbenzene or nitrated analogues (dia-
gram I 1, a) 
Scission of peptides from this "Mernf ie ld resin", further discussed m chapter 
II, is usually effected by acidolysis, which also cleaves acid-labile side-chain 
protecting groups It is obvious that this cleavage procedure can not be used 
in the synthesis of protected partial sequences, in which acid-labile side-chain 
protecting groups are employed 
Another disadvantage may arise if L-tryptophan is present, because of the 
sensitive indole moiety 
Scission may also be achieved by rather prolonged ammolysis, methanolysis 
or saponification, which may lead to transpeptidation and racemization 
To improve the possibility of acidic cleavage of peptides, a benzhydryl-
contammg support was introduced by Southard et al (41) (diagram I 1, b) 
Cleavage by acidolys's from this support, however, may also cleave a c d -
labile side-chain protecting groups 
For the synthesis of amides Pietta et al (42) used a benzhydrylamme polymer, 
to which the peptide was attached via an amide function (diagram I 1, c) 
Cleavage from this resin was realized with liquid HF 
Peptide resins of the phenyl ester type were introduced by Flamgan and 
Marshall (43) 
They used the polymer-bound 4-(methylthio)phenol group as anchoring group 
(diagram I 1, d) 
After oxidation of the anchoring chain a polymer with active 4-(methyl-
sulphonyl)-phenyl ester functions was obtained, which could easily be cleaved 
by saponification or ammolysis, even with an ammo acid ester 
However, the necessary oxidation step after the synthesis of the peptide 
chain imposes many restrictions 
Resins of the alkyl ester type have been applied by Tilak and Hollmden (44) and 
by Bayer et al (45) (diagram I 1, e and f respectively) 
Cleavage requires, however, rather drastic saponification conditions 
Therefore, the phenacyl solid support of Weygand (46) (diagram I 1, g) offers 
better possibilit ies because cleavage of a peptide can be effected by a 
variety of nucleophiles such as sodium thiophenoxide, ammonia and hydrazine 
Cleavage with sodium thiophenoxide gives free peptide acids v/a attack of 
the thiophenoxide anion at the -CH 2 - group, ammolysis or hydrazmolysis 
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Diagram I 1 
proceeds apparently via attack at the ester carbonyl group and yields amides 
or hydrazides 
In 1969 Wang and Mernfield (47) introduced the f-alkyloxycarbonylhydrazide 
resin (diagram I 1, h) 
This resin was designed to give protected peptide hydrazides suitable for 
subsequent coupling in solution by the azide method 
However, cleavage is realized by acidolysis, which does not allow the use of 
acid labile side-chain protecting groups Moreover, the azide method is not 
always attractive m further fragment condensations, because this method 
generally leads to low yields and results in side-products, which are very 
difficult to separate from the desired products (2 0 4 8) 
Recently Birr et al С49) introduced a glycolic support (diagram 11,/) intended 
for the syntheses of partially protected peptides 
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Cleavage of peptides from this resin requires a pretreatment with anhydrous 
TFA in order to obtain an active diphenylvmyl ester, which can be submitted 
to transestenfication, ammolysis or saponification 
The TFA treatment imposes, however, many restrictions on the choice of 
side-chain protecting groups. 
The 2-hydroxyethylsulphonylmethyl polymer. 
As a contribution of our department to this wide variety of solid supports, 
Tesser and Ellenbroek (50) introduced in 1967 the 2-hydroxyethylsulphonyl-
methyl polymer ("ß-sulphone resin", diagrams I 1, / and I 2) which was based 
on a carboxyl protecting group introduced by Amarai et al. (51) 
In comparison with the resins mentioned above, it has several attractive 
properties 
a) The polymer can easily be synthesized from chloromethylated 
copolystyrene - divmylbenzene. 
и и . 
R-C-O-CHrCHrS-CHj-Q)-® 
".CHjO" 
0 
II 
-S-
II 
0 
R-C-O- CH^CH-S-CHrQ-φ 
li А 
HO -CH r C H r S - C H 2 H Q - ® 
Diagram 1.2 
b) Attachment of the first ammo acid to the polymer is possible by 
simple and mild peptide coupling procedures e g with DCC at 
room temperature 
c) Cleavage from the resin via ß-elimmation under mildly alkaline 
conditions, represented in diagram I 2, yields mainly peptides with 
a free carboxyl function, so that further fragment condensation is 
possible via various condensation techniques 
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d) The alkaline cleavage circumstances do not attack the acid-labile 
side-chain protecting groups commonly used 
e) The mild cleavage procedure diminishes the occurrence of side-
reactions such as racemization, transpeptidation, etc 
Recently Hardy et al (52) have again recommended the use of the 2-methyl-
thioethyl ester for protection of the C-termmal carboxyl group of Glu-con-
tammg peptides in classical synthesis, because of the easy deprotection under 
mild alkaline conditions after oxidation to the sulphone (this being the an-
choring chain of the ß-sulphone resin) 
The ß-sulphone resin, however, appeared unusable in the synthesis of peptides 
containing ammo acids with extremely alkali-labile side-chains (e g C-termmal 
Asn) as was found by Wolters (53), which seems to be a restriction on the 
use of this resin. 
1-1-2 RESEARCH CONCERNING ADRENOCORTICOTROPIN, ITS 
OCCURRENCE, BIOLOGICAL ACTIVITY AND STRUCTURE 
The ah-ACTH molecule is excreted from the basophilic ß'-cells of the anterior 
pituitary gland (adenohypophysis) 
The hormone reaches the adrenals via the bloodstream, where its principal 
activity is the stimulation of the cortex to produce and release steroid hor-
mones (chiefly Cortisol, cortisone and corticosterone) 
In addition, the most important extra-adrenal activities include lypolytic and 
melanotropic effects 
In 1954 (54 55) the entire amino acid sequence of porcine adrenocorticotropic 
hormone (abbreviated as ap-ACTH according to Li (56)) was elucidated Lee 
et al (57) proposed a structure for the human adrenocorticotropic hormone 
in 1961 
The hormone appeared to be a single-chain polypeptide, composed of 39 
ammo acid residues The carboxyl-termmal portion of the hormone, com-
prising the last 15 ammo acid residues, appeared to be spec/es-specific, 
which suggested that this fragment is not essential for eliciting the biological 
response. 
Th's assumption was confirmed by chemical and enzymic studies on the 
native hormone, and finally by in vitro syntheses of abbreviated adrenocorti-
cotropm sequences (58 S9), which were initiated around 1960, particularly by 
Hofmann f60), Li (ó1), and Schwyzer (62), and their respective co-workers 
The revised structure of ah-ACTH, recently given by Rimker et al. ( " ) , is 
reproduced in diagram I 3 
As a result of the studies mentioned above, the peptide hormone can be 
divided in three parts А, В and C, fragment С (sequence 25-39) is the species-
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Diagram 1.3 
specific part, contributing to the immunological specificity, the remaining chain 
1-24 possessing full biological activity 
The sequence 1-18 represents the shortest fragment of the molecule which 
displays full biological activity, provided that a C-termmal amide function is 
present, as has been proven by biological tests employing synthetic samples 
of this fragment (64 4 5) 
Many o-ACTH analogues, containing 18 to 24 amino acid residues, have been 
synthesized for structure-activity relationship studies 
In our laboratory the principal aim of such investigations was the study of the 
role of the basic ammo acids 
For this purpose the basic ammo ac d residues in fragment A (diagram I 3) 
were systematically replaced by L-ornithme residues, in addition L-senne in 
position 1 was replaced by D-serme (6 6 4 7 *8) 
These substitutions were introduced with the idea that they might protect the 
peptide hormone against attack by endo- and exo-peptidases 
Replacement of Lys11, Lys15 16, and Arg 1 7 · 1 β by Orn appeared to be allowed, 
and in some cases a prolonged biological activity was indeed observed with 
such analogues Replacement of Arg8 by Orn, however, caused total loss of 
activity 
These results suggested the existence of independent loci with different 
functions in the a-ACTH-(1-24) sequence 
The possibility of such a further group designation has been revealed in a 
similar way by structure-activity studies of several other research groups, 
which have been reviewed by Ramachandran and Li (*9), and by Hofmann (70) 
This distinction represented by diagram I 4 is also a result of hormone-receptor 
interaction studies 
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Diagram 1.4 
Hofmann and co-workers ( 7 0 7 1 · 7 2 ) distinguished an "active site" and a 
"binding site". 
The information-bearing active site appeared to be located in the sequence 
1-10, and was confined to fragment II (sequence 5-10) because L-methionine 
in position 4 seemed to have more a binding function. 
They suggested that fragment III (sequence 11-14) was the binding site for 
melanotropic activity, whereas fragment IV (sequence 15-18) m combination 
with III had the same function in respect of adrenocorticotropic activity 
According to Chipens et al. (73· 7 4 ) the binding sites of several peptide hor­
mones contain a "common fragment". 
Th'S common fragment, that appears in ACTH in the sequences 10-13 and 
18-20, is supposed to be necessary for recognition of and complexing with 
the receptor 
The most conclusive investigations and the most far-reaching attribution of 
functions to parts of the a-ACTH-(1-24)-tetracosapeptide were presented by 
Schwyzer and co-workers (75- 7é· 77· 7 β 7 9· e o ) . 
As a result of inhibition experiments with partial sequences of the adreno­
corticotropic hormone on isolated adrenal cortex cells, Schwyzer suggested 
a "sychnologic" composition of the hormone (e o) This means that functional 
elements ("words" composed of combinations of amino acids) are arranged 
in an uninterrupted way 
This contrasts with a "rhegnylogic" composition, as in insulin, that contains 
discontinúate words / e the elements composing these words are separated 
by biologically less relevant peptide regions. 
Sychnologic hormones are always flexible, consist of a straight chain and 
are easily bound to their receptors, rhegnylogic hormones ought to be in-
flexible (77). 
According to Schwyzer, receptors recognize a hormone by its "address" , and 
receive a stimulus from its "message" 
In ACTH the message is present in the 5-10 sequence (fragment II), the 
address in the (11-24)-tetradecapeptide (fragment III + IV + V) 
The latter fragment alone behaves as a competit ive antagonist (79). 
The combination 5 24 shows a very good biological activity 
Finally the 1-4 sequence (fragment I) officiates as the word for "potent iat ion" 
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1-1-3 AIM OF THE INVESTIGATIONS 
It was our intention to examine the usefulness of the new ß-sulphone resin, 
developed in our laboratory and discussed in section 1-1-1, in the synthesis 
of a protected peptide that could be used in further fragment condensations 
by classical methods 
Because of the interest of our department in the adrenocorticotropic hormone, 
a peptide fragment from this hormone was selected as a model We chose 
the a-ACTH-(5-10)-hexapeptide (diagram I 5, a) because this peptide fragment 
contains a lot of ammo acids which are known to raise problems in peptide 
synthesis As can be seen from diagram I 5, two aromatic ammo acids (Phe 
and Trp), two basic amino acids (His and Arg) and an amino acid with a 
carboxyl function in the side-chain (Glu) are present in this hexapeptide 
COOH 
(ÇH2)2 
N=CH 
ΙγΝΗ 
HjN NN 
Y 
ι 
NH 
Q.. 
CH, (ÇH,), CH 
Θ 
-NHCHCO -NHCHCO -NHCHCO -NHCHCO -NHCHCO -NHCH, C 0 -
OBu' NO, 
ZlGlu-His-Phe-Arg-Trp-Gly-fO © 
Diagram 1.5 
A second argument for this choice has been that this hexapeptide may not 
only be observed as an indispensable fragment for biologically active ACTH 
analogues in view of its function as the active site, but in protected form 
(diagram I 5, b) also as a common intermediate in the syntheses of such 
peptides, because fortuitously the most satisfying synthetic procedure for 
abbreviated adrenocorticotropin sequences, consists of fragment conden­
sations of exactly those partial sequences which seem to be functionally 
distinguished (1-4. 5-10, 11-14, 15-18, etc, see section I-1-2) 
A convenient and preferably automated procedure for the synthesis of the 
a-ACTH-(5-10)-hexapeptide should thus be a valuable tool in further in­
vestigations of structure-activity relationships of adrenocorticotropin 
For an evalution of the usefulness of the new ß-sulphone resin we intended 
to synthesize the same sequence on the chloromethylated copolymer used 
by Mernfield and to compare the results 
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1-1-4 SYNOPSIS OF THE THESIS 
Chapters I I - V deal with methodological investigations concerning the solid 
phase procedures. 
Chapter II describes the syntheses of the solid supports, the attachment of the 
first ammo acid to the anchoring groups, and the procedures that can be used 
for cleavage of the peptides from the solid supports. 
The deprotection of the α-amino function, i.e. the cleavage of the Boc group, 
is dealt with in chapter III. 
Chapter IV describes a manual as well as an automated version of the solid 
phase syntheses performed. 
The isolation and purification of the protected hexapeptides thus obtained 
are described in chapter V. 
Chapters VI and VII describe the synthesis of the reference compounds, 
according to the classical procedures, and the synthesis of the starting com­
pounds, respectively. 
The compounds described in these chapters were ancillary to the methodolog­
ical investigations concerning the solid phase procedures described in the 
four foregoing chapters. 
In chapter VIII the mam results of the investigations are briefly summarized. 
In addition some concluding remarks are given concerning the possibilities of 
the solid phase procedure. 
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CHAPTER II SYNTHESES OF THE Boc AMINO ACYL POLYMERS 
11-1 SYNTHETIC PROCEDURES AND PROPERTIES OF THE 
SUBSTANCES 
11-1-1 SYNTHESES OF THE TWO POLYMERS EMPLOYED 
The resin of the benzyl ester type ("Mernfield resin") 
Synthesis of this solid support started with copolystyrene - 2% divmylbenzene 
((P)), as used by Mernfield C) at the introduction of the solid phase method 
Before chloromethylating the copolymer, it was thoroughly washed exactly as 
described C1), the treatments with DMF proved very important since they re­
moved low molecular polymers soluble in DMF Subsequently varying amounts 
of the copolymer were chloromethylated with chlorodimethyl ether and SnCI4 as 
catalyst f1) (see diagram II 1) Dependent on the reaction time employed, resins 
with various chlorine percentages (5 9%, 5 3%, 4 4%, 2 0%) were obtained 
An I R spectrum of the chloromethyl polymer (CI-CH2-(P)) was then recorded 
I R spectroscopy proved to be a useful analytical tool in this preparation, and 
also in the following stages of the synthesis 
As is seen in figure II 1 a and b, the introduction of the chloromethyl group 
leads to two new peaks of considerable intensity, viz ν = 1265 cm 1 and 
1120 cm V and to intensification of the peak at 840 cm ' 
The resin of the 2-(benzyl-sulphonyl)ethyl ester type ( 'ß-su/p/ione resin") 
For the synthesis of this support, 2-hydroxyethylsulphonylmethyl-copolysty-
r ene -2% divmylbenzene (HO-[Esm]-(P)), a chloromethyl polymer with a 
chlorine percentage of 4 4% was employed The synthesis was carried out as 
indicated by Tesser and Ellenbroek (}), and is illustrated in diagram II 1 
Chloromethylated copolystyrene - 2% divmylbenzene (CI-[M]-(P)) and a solu-
tion of sodium 2-hydroxyethylmercaptide in ammonia were stirred together in a 
flask, NH3 evaporating spontaneously From the elemental analysis it appeared 
that chlorine was entirely substituted by mercaptide residues 
From the I R spectrum (figure II 1 c) it can be seen that the peaks at 1265 cm 1 
and 1120 cm 1 caused by the chloromethyl groups have disappeared The 
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emergence of new peaks appears from the broad band between 3200 - 3600 
cm ' (hydroxyl groups) and a change in the region of 1000- 1080 cm 1, chiefly 
at 1060 c m 1 (-C-0-) 
@ — φ |Copolystyrene-2''/.di»inylbenzene| ( ® ) 
CHj-O-CHjCl + SnClt 
CI-CHHO-¿) (сКмИЕ» 
^ \ T Na+"S-CH?-CHz-OH 
H0-CH r CH 2 -S -CH 2 OMÏ) (H0 - [E tm} -®) 
I Per-TFA/CHjClj 
2 Boc-Gly-OH DCHA HD-CHrCHrS- С Н 2 - ^ - ( Г ) ( H0-{Esni]-<?) ] 
Boc-Gly-0-CH : -^—© 
Cl-CH,-
Boc-Gly-O-M-dl 
О 
Boc-Gly-OH, OCC 
О 
H0-CH2-CH2-S-CH2-
' Il 
О 
О 
Boc-Gly-O-CHj-CHj-S-CHî 
Ö 
О О 
и π 
H-C-O-C-CHj 
(Boc-Gly-0-[Esm]-<p)HO) 
H-C-0-CH2-CHj-S-CH2-<Q-<P) 
0 
и 
Boc-Gly-O-CHj-CHj-S-CHt-^-φ 
Вое-ау-0-[Еып]-®
и 
Diagram 11.1 
The oxidation to the sulphone compound (HO-[Esm]-(P)) was not, as desenbed 
in the literature (2), carried out with perbenzoic acid (on account of the low 
activity of this reagent) but by employing freshly prepared pertnfluoroacetic 
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Figure 11:1 
Infrared spectra of the various resins Relevant characteristic absorptions are indicated 
by arrows 
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acid For this purpose the required volume of hydrogen peroxide was 
thoroughly mixed with dichloromethane and tnfluoroacetic anhydride was 
added to this emulsion This reagent was added to the resin in dichloromethane 
Later on it appeared that the oxidation step could be carried out m a simpler 
way with metachloroperbenzoic acid (3) 
Figure II 1 d shows the I R spectrum of the resin after the oxidation step 
The sulphone peaks at 1120 c m 1 and 1280-1320 c m 1 are clearly visible, 
whereas the absorption in the region of 1040-1070 c m ' remains An IR 
spectrum taken immediately after the oxidation showed additional peaks at 
1800 c m 1 and 1140-1200 c m 1 which can only originate from the reagent 
(per-TFA) still present in the resin 
These peaks proved to disappear after treating the resin with Et3N/CH2CI2 
(1 9), on treatment with HS-CH2-CH2-OH/CH2CI2 (1 4), on the other hand, 
hardly any reduction of the intensity of these peaks was observed 
11-1-2 COUPLING OF THE FIRST AMINO ACID TO THE RESINS 
II-1-2-1 COUPLING OF Boc AMINO ACIDS TO THE CHLOROMETHYL 
POLYMER BY MEANS OF THEIR DCHA SALTS 
As appears from the literature, the coupling of the first ammo acid to chloro-
methylated copolystyrene - 2% divmylbenzene is usually carried out according 
to the procedure proposed by Mernfield (') The /V-protected ammo acid is 
bound to the resin by refluxmg it in e g alcohol in the presence of the resin 
and a tertiary amine as a base 
Beyerman et al (4), and Rudmger and Gut (5) found that this lengthy esteri-
f'cation procedure may lead to the appearance of quaternary ammonium 
groups on the resin, by reaction with the tertiary amine used Another 
estenfication procedure therefore seemed to be desirable 
For this purpose Bodanszky and Sheehan (*) replaced the chlorine substituent 
by a hydroxyl group The ammo acid was then estenfied to this hydroxymethyl 
resin by reaction with Ν,Λ/'-carbonyldiimidazole or DCC According to 
Schreiber (7) the estenfication can also be effected with /V,N-dimethylforma-
mide-dmeopentyl acetal A disadvantage of this method is that estenfication 
can seldom be brought to completion, so that after the estenfication step the 
remaining OH groups have to be blocked, e g by acetylation The esten­
fication procedure according to Dormán and Love (8) via a dialkyl-(arylmethyl)-
sulphonium resin also seems to be useful 
We found that a speedy and mild estenfication of the Mernfield resin is 
possible with dicyclohexylammomum salts of Boc amino acids m DMF For 
this purpose the chloromethyl polymer was suspended in DMF and the 
suspension heated for some hours m an oven at about 70° С We assume 
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that during this procedure a formamidmium complex is formed, as indicated 
m diagram II 2 
3
 CL
"
+
 V 
+ RC00-.DCHAH + 
Diagram 11.2 
Subsequently the ЛКВос ammo acid DCHA salt was added and the reaction 
mixture again brought to 70° С By altering the reaction time it proved possible 
to vary the incorporation value, after about three or four hours a reasonable 
to opt mum incorporation was reached ( 0 2 - 0 5 mmole/gram of resin) 
Simultaneously with our experiments other new procedures were reported in 
the literature by Loffet (9) and Marglin ( , 0) Loffet described the coupling of 
N-protected ammo acids to the Mernfield resin in dioxan by making use of 
their tetramethylammonium salts Marglin coupled the N-protected ammo acids 
to the Mernfield resin m DMF by shak'ng with less than 1 equivalent of 
EtjN as base for a long period of time (about 25 hours) at 25° С 
We used the coupling of Boc-Leu-OH with the Mernfield resin as a model 
reaction in order to select the most useful estenfication procedure The 
estenfication was performed in three different ways 
A By refluxmg a resin suspension in ethyl alcohol with Boc-Leu in 
the presence of Et3N as described by Mernfield ( n 12) 
В By heating a resin suspension in DMF with Boc-Leu and Et3N 
С By heating a resin suspension in DMF with Boc-Leu-OH DCHA 
(with two different resins) 
With the Boc-Leu resins obtained, both a leucine determination and an 
elemental analysis were carried out to evaluate the incorporation of the ammo 
acid and to detect the possible presence of ammonium groups The results are 
shown in table 11,1 
It appears that method С leads to the best results, since the nitrogen per­
centages calculated from the ammo acid analysis and from the elemental 
analysis, are closest to the theoretical values It may be assumed that the 
side-reaction with the amine can be disregarded in this procedure 
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An optimum ammo acid incorporation with 
this method can be obtained by starting 
from a resin with a low chlorine content 
or by reducing the estenfication time of 
resins with a higher chlorine content 
Starting from a chloromethylated resin 
with a chlorine content of 5 9% only the 
best accessible sites will then undergo 
reaction This is presumably advantageous 
in the subsequent synthetic reactions 
11-1-2-2 CONTROLLED COUPLING OF 
Boc-Gly TO THE 
CHLOROMETHYL POLYMER 
r^  r~ r~. 
For the synthesis of the starting resin 
(Boc-Gly-0-[M]-(P)ci) an incorporation of 
0 4 to 0 5 mmole of Gly/gram of resin was 
considered to be optimum The estenfi-
cation with Boc-Gly-OH DCHA (as de-
scribed under 11-1-2-1) was carried out with 
reaction times of 1, 2 and 10 hours 
The graph given m figure II 2 is based on 
elemental and ammo acid analyses Inter-
polation gives an optimum reaction time 
of 4 to 5 hours The estenfication of 
Boc-Gly-OH DCHA to the chloromethyl 
polymer was therefore repeated using a 
reaction time of 4 5 hours It yielded a 
resin with an incorporation of 0 34 mmole 
of Boc-Gly per gram of unsubstituted 
polymer 
1 R spectra were traced from the various 
resins The varying degree of incorpora-
tion of the polymer with Boc-Gly is in-
dicated by the relative intensities of the 
characteristic peaks (see figure 113 a and 
b) 
For interpretation the spectra 113 a and b 
have to be compared with the spectrum of 
the unsubstituted Mernfield resin (figure 
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Mmole of Boc-Gly/g 
of unsubstituted resin 
1 0 
6 7 В 9 10 
Reaction time in hours 
Figure ll:2 
Attachment of Boc-Gly to the Mernfield resin, dependent on the time, calculated from 
the moment of addition of Boc-Gly-OH DCHA 
11:1 b). Incorporation of the first ammo acid appears from the fol lowing 
peaks-
ν = 3430 
ν = 1670 • 
ν = 1510 
у = 1385 
ν = 1250 
ν = 1130-
ν = 1050 • 
cm - 1 
1770 cm-1 
crrr' 
cm - 1 
1200 cm-1 
1060 cm-1 
-NH-
-CO-NH, -CO-O-
-O-CO-NH-
(СНз)зС-
-C-O-CO-NH-
-CO-O-
-C-O-CO-NH-
The peak at 1265 cm ' (-CH2-CI) has diminished as a result of the substitution 
of the chlorine atom by the amino acid residue. 
11-1-2-3 COUPLING OF Boc-Gly TO THE 2-HYDROXYETHYLSULPHONYL-
METHYL POLYMER A N D BLOCKING OF FREE ANCHORING 
GROUPS 
For estenfication of Boc-Gly-OH to the 2-hydroxyethylsulphonylmethyl polymer 
(HO-[Esm]-(P)), D C C (η was used. 
Estenfication also appears feasible using N rN-dimethylformamide-dineopentyl 
acetal (3). As with the hydroxymethyl polymer, coupling with Λ/,Λ/'-carbonyl-
dnmidazole might also be possible (6). 
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Transmittance(7.)3.0 4.0 50 60 70 80 90 10 Microns 14 
4000 3500 3000 2500 2000 1800 1600 1400 1200 lOüO BOO 
Frequency (cm" 
Figure 11:3 
I R. spectra of the various Boc-glycyl polymers (a = 0.97, b = 0 34 mmole of Gly/g of 
unsubstit. resin). Relevant characteristic absorptions are indicated by arrows. 
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Esterification with DCC was carried out in dichloromethane with a four- or 
f ivefold excess of the Boc ammo acid at room temperature. After two and 
four hours samples were taken and the incorporation was measured by 
elemental analysis. The results obtained in this procedure are illustrated in 
figure 11:4. 
Mmole of Boc-Gly/g 
of unsubstituted resin 
0.4 
0.3 
0.2 
0.1 
0.0 
I 
Time in hours 
Figure 11:4 
Coupling of Boc-Gly-OH to the 2-hydroxyethylsulphonylmethyl polymer with DCC, as a 
function of the reaction time. 
For the synthesis of a large quantity of Boc-Gly-0-[Esm]-(P)Ho a reaction time 
of 4 hours was chosen, with the aim to get an incorporation of about 0.4 
mmole/gram of unsubstituted resin. This esterification led to an incorporation 
that proved to be lower than was expected, wz.: 0.34 mmole/g of unsub-
stituted resin (from elemental analysis). 
To prevent coupling of the next amno acid to the OH groups remained, these 
had to be blocked. For this purpose the resin was treated with a formylating 
reagent wh.ch had been prepared from formic acid and acetic anhydride. 
N-Acetylimidazole, used by Markley and Dormán (із) to block N H 2 groups 
was not applicable since it is less reactive to OH groups ( 1 4 ). The same holds 
for isopropenyl formate ( 1 5 ), which is useful under more neutral conditions. 
Formylation was accomplished by suspending the resin in benzene and adding 
acetic-formic anhydride ( 1 6 ). Elemental as well as amino acid analysis of the 
formylated polymer gave a new, even lower, incorporation value of 0.21 mmole 
of Gly/g of resin. 
I.R. spectra were taken from Boc-Gly-0-[Esm]-(P)Ho and from the formylated 
polymer, Boc-Gly-0-[Esm]-(P) F o, (see figure 11:3 с and d). The incorporation 
of Boc-Gly is more difficult to fol low than with the Mernf ie ld resin, because 
at 3400 cm"1 and 1040- 1070 cnv' strong absorptions are already present, and 
the sulphone peaks in the spectrum are rather predominant (1320 c m 1 , 
1120 c m 1 ) . 
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Incorporation of Boc-Gly is indicated chiefly by the following data: 
( ν = 3440 
ν = 1680-
v = 1520 
ν = 1385, 
ν = 1250 
ν = 1140-
(v = 1050-
cnr1 
1770 cm·1 
crrr1 
1365 cm-1 
crrv1 
1200 c m 1 
1060 cm-1 
-NH-) 
-CO-NH-, -CO-O-
-O-CO-NH-
(СНз),С-
-C-O-CO-NH-
-CO-O-
-O-CO-NH-, -CO-O-C) 
After the formylation of the remaining OH groups the I R. spectrum showed a 
relative increase of the intensities of the 1680 -1740 cm 1 and 1140 - 1200 cm'1 
bands. In addition the OH peak had disappeared, as appears from the narrowing 
of the 3200 - 3600 cm 1 band. 
11-1-3 CLEAVAGE OF THE AMINO ACID DERIVATIVES FROM THE SOLID 
SUPPORTS 
Cleavage from the support of the 2-(benzyl-sulphonyl)ethyl ester type 
("ß-sulphone resin"). 
As was explained in chapter I our intention was to cleave the peptides after 
synthesis from the resin as free acids. Exactly for this reason the 2-hydroxy-
ethylsulphonylmethyl polymer was developed. It makes possible cleavage by 
ß-elimination with a basic reagent, which might provide free acids. 
Tesser (17) tested the following reagent for this purpose in the synthesis of 
a tetrapeptide: 
dioxan 7.5 ml J 
methanol 2 25 ml > 0.1 N NaOH 
4 N NaOH 0.25 ml ) 
On treatment of Boc-Gly-0-[Esm]-(P)Fo with this reagent for 2 or 3 minutes 
and stopping the reaction by the addition of acetic acid, it appeared from 
thin-layer chromatography that, in addit'on to Boc-Gly-OH, Boc-Gly-OMe was 
also obtained. The formation of the methyl ester is the result of transestenfi-
cation with the alcoholic component. 
The alcohol is necessary as a "link" between the swelling component, dioxan, 
and the NaOH solution, and is probably essential for the cleavage by for-
mation of C H j O - ions. Replacement or omission of the alcoholic component 
to prevent transestenfication generally led to far poorer results 
Replacement of MeOH by eg . glycol resulted in incomplete cleavage; 
moreover the cleaving reagent was no longer homogeneous. Replacement by 
2-methoxyethanol led to the corresponding ester, in addition to the free acid. 
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This modification of the cleaving reagent was certainly useful, but gave no 
better results than the methanol-contammg reagent 
Replacement of the main component (dioxan) by solvents such as HMPA or 
sulpholane in order to make the alcoholic component superfluous gave no im-
provement A non-alcoholic reagent could be prepared with benzyl-tnmethyl-
ammomum chloride (BTA-CI) It was composed as follows 
371 4 mg (2 mmoles) 
of benzyl-tnmethylammomum chloride 
5 4 ml of H20 
0 5 ml of 4 N NaOH 
14 0 ml of dioxan 
Addition of more base made the water to dioxan ratio too high, so that swelling 
of the resin was insufficient 
Application of the reagent yielded only the free acid However, cleavage over 
varying periods of time showed that after twenty minutes the resin was still 
charged with Boc-Gly, even using a cleavage time of 17 5 hours complete 
cleavage was not achieved Other disadvantages of this reagent are the 
presence of the amine, and the far too long period during which the free 
peptide has to remain in the basic environment 
Other attempts to omit methanol from the cleaving reagent by starting with 
acetone, acetone - d methoxyethane, dioxan - dimethoxyethane or dioxan - a-
cetone as the main components failed because of the bad penetration of the 
reagent into the resin 
A reagent composed of 
THF 7 5 ml ) 
(-PrOH 2 25 ml [ 0 1 N NaOH 
4 N NaOH 0 25 ml ) 
gave a reasonable ratio free acid/ester However, the cleavage appeared to be 
incomplete even after a period of 30 minutes 
The possibility of effecting cleavage with tertiary bases in CH2CI2 or dioxan 
was also investigated This was especially important because the neutralization 
step, customary in solid phase synthesis after cleavage of the Boc group, 
requires such reagents Samples of Boc-Gly-0-[Esm]-(P)Fo were treated with 
10% dnsopropylethylamine (DIEA) in CH2Cly and with 10% ethyldicyclohexyl-
amme in both dioxan and dichloromethane After 30 minutes they were neutral-
ized with acetic acid Thin-layer chromatography showed that no cleavage 
had occurred 
20 ml, 
0 1 M base 
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In summary, one might say that dioxan or dichloromethane - terf-amme 
mixtures ( 9 - 1 v/v) give no cleavage, that the BTA-OH containing reagent 
yields only the free acid but cleaves incompletely, and that the latter con­
clusion holds also for the reagent THF - /-PrOH - NaOH which moreover results 
in unwanted estenfication 
Consequently, we returned to the originally recommended (17) reagent 
dioxan 7 5 ml j 
methanol 2 25 ml / 01 N NaOH 
4Λ/ NaOH 0 25 ml ) 
After treatment of the polymer with this reagent an I R spectrum was taken 
of the residual resin The spectrum proved to correspond completely to the 
spectrum of HO-[Esm]-(P) (figure II 1 d) The ammo acid-, as well as the 
formyl-residue, appeared to have been cleaved completely 
Cleavage from the support of the benzyl ester type ("Mernfield resin") 
The cleavage of peptides from the Mernfield resin is in most cases effected 
by acidolys s with HBr/TFA or liquid HF 
Cleavage with a base was carried out by Bodanszky and Sheehan (18) via 
ammolysis giving a peptide amide Kess'er and Iselm (19) utilized hydrazine 
which yields peptide hydrazdes, often, however, by-products are formed in 
this procedure Loffet (20) hydrolysed the benzyl ester bond by refluxmg the 
resin with NaOEt in 100% ethanol This seems a very drastic method with 
danger of racemization, transpeptidation, etc 
On ammolysis and hydrazmolys s in the presence of methanol transestenfi-
cation also occurred With tertiary amines in methanol transestenfication is, m 
fact, the only possibility in this case the peptides are obta ned wholly as 
methyl esters, as was proven by Beyerman et al (21 22) To obtain peptides 
with a free carboxyl function the methyl esters, obtained after cleavage from 
the resin, have to be hydrolysed 
A surprising result was obtained, when the cleaving reagent developed for 
the 2-hydroxyethylsulphonylmethyl resin was applied to the Mernfield resin 
Treatment of Boc-Gly-0-[M]-(P)ci with this reagent for three minutes gave, 
according to thin-layer chromatography, the free acid in addition to the methyl 
ester These were obtained in about the same ratio as with the 2-hydroxyethyl­
sulphonylmethyl polymer (about 30% ester and about 70% acid) Lengthening 
of the cleavage time to 15 minutes (in this case not objectionable, as only 
base-resistant Boc-Gly was cleaved) led only to Boc-Gly-OH 
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To examine the influence of the ammo acid side-chain on this cleaving method, 
the following resins were subjected to such cleavage Boc-Leu-0-[M]-(P)ci, 
Boc-Phe-0-[M]-(P)ci and Boc-Lys(Z)-0-[M]-(P)ci In each case a mixture of 
methyl ester and free acid was obtained after three minutes, containing slightly 
more methyl ester than in the case of Boc-Gly-0-[M]-(P)ci. Even after 15 
minutes methyl esters were still present 
The cleavage from the Mernfield resin in this way is, on the other hand, far 
from complete, for practical use a repeated cleavage would be necessary 
Simultaneously with our experiments similar cleaving reagents for the 
Mernfield resin were tested by Fontana and Bergamo (23) 
They found the following reagent to be most suitable 
THF 7 ml 
methanol 2 ml 
1 N NaOH 1 ml 
They obtained better results with THF than with dioxan, which they ascribed 
to better swelling of the resin m THF. 
However, our cleaving reagent has a lower water content, which has also a 
favourable effect as far as the swelling is concerned 
In chapter V, where isolation of the complete hexapeptide will be discussed, 
the mechanism concerning the cleavage from both resins will be dealt with in 
more detail 
II-2 EXPERIMENTAL PART 
For details concerning performance of measurements, thin-layer chromato­
graphy, abbreviations and calculations, see appendices А, В, C. 
For the synthes's of the Boc ammo acids used, see chapter VII 
SYNTHESES OF THE Boc AMINO ACYL POLYMERS 
These were carried out according to diagram II 1, m which also the encoding 
is given 
Copolystyrene - 2 % divinylbenzene 
The copolymer of styrene and divinylbenzene (Bio-Beads S-X2, 200 - 400 mesh) 
with 2% cross linking was obtained commercially from Bio Rad. 
0 1 N NaOH 
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According to Mernfield О the resin was thoroughly washed with successively 
1 N NaOH, H20, 1 N HCl, H20 and DMF under stirring Filtration, after the first 
washing with DMF, gave a turbid filtrate due to free styrene present in the 
polymer Therefore the resin was suspended in DMF and left for 16 hours to 
dissolve soluble components such as styrene 
Next the resin was washed with DMF-methanol mixtures, with a gradually 
decreasing DMF/methanol ratio Finally, the resin was washed three times 
with pure methanol, and dried at 100° С 
CI-[M]-(P) 
The chloromethyl polymer was synthesized f1) from the purified copoly-
styrene - 2% divmylbenzene resin in chloroform, by addition of a mixture of 
chloromethyl methyl ether and anhydrous SnCI4 with stirring Before addition 
the chloroform resin suspension was cooled to 0° С in an ice bath 
During the addition the resin coloured at once orange-brown, and the tem­
perature increased from 3° to 10° С After stirring the mixture at 0-5° С for 
30 minutes the colour had changed into red 
The resin was then filtered and washed as described in the literature It ap­
peared that it was necessary to avoid abrupt changes of the composition of 
the wash-liquids, in order to prevent the formation of resin-lumps, particularly 
when going from dioxan - methanol (1 - 1) to 100% methanol Finally the resin 
was dried at 60° С in high vacuum 
The percentage of chlorine in the polymers, so obtained, was dependent, 
among other factors, on the reaction time and temperature 
Analysis CI-[M]-(P) 
Found CI 5 9%, 1 66 mmoles of Cl/gram (1) 
CI 5 3%, 1 49 mmoles of Cl/gram (2) 
CI 4 4%, 1 24 mmoles of Cl/gram (3) 
CI 2 0%, 0 56 mmoles of Cl/gram (4) 
I R see section 11-1-1, figure II 1 b 
HO-[Etm]-(P) 
The 2-hydroxyethylthiomethyl polymer was synthesized as follows 
600 to 700 ml of ammonia were condensed in a three-necked litre flask by 
cooling with acetone - carbondioxide To prevent condensation of water, the 
flask was flushed with gaseous ammonia before cooling 
Then 18 ml (250 mmoles) of 2-mercaptoethanol were added via a dropping 
funnel with stirring, giving a turbid, white solution 6 g of sodium (about 250 
mmoles), finely divided to accelerate dissolution, леге slowly added to the 
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mixture with stirring, until the dark blue colour of the solution persisted (On 
addition of the first pieces of sodium the solution became clear) The blue 
colour (caused by the solvated electron) was removed by the addition of a 
few drops of 2-mercaptoethanol, to prevent reduction of polymer-bound 
chloromethyl groups Then 40 3 g of the chloromethyl polymer (3), containing 
50 mmoles of CI were added in parts to the clear solution with stirring 
After the addition was completed, cooling was stopped, and the ammonia was 
allowed to evaporate spontaneously 
After 5 hours of continuous stirring, about 100 ml of a thick suspension 
remained Agitation was stopped, 300 ml of dimethylformamide were added to 
the suspension to swell the resin, and a stream of nitrogen was passed over 
the mixture for 10 hours to prevent undesired reactions of the sodium 
mercaptide during completion of the reaction During this time the resin 
suspension became light yellow coloured 
After addition of 100 ml of methanol the resin was filtered, immediately washed 
with about 300 ml of methanol, about 500 ml of water, three portions of 100 ml 
of acetic acid and finally with methanol It was then dried at 60° С for 12 
hours 
Elemental analysis showed that the resin contained too high an amount of 
sulphur In order to remove possible contamination with 2-mercaptoethanol, 
the resin was washed again with 2 χ 100 ml of acetic acid, water, ethanol and 
methanol and dried again in high vacuum for 24 hours 
Analysis HO-[Etm]-(P) 
Found CI 0% 
S 3 7%, 1 15 mmoles of S/gram 
Caled S 3 77%, 1 17 mmoles of S/gram 
I R see section 11-1-1, figure II 1 с 
HO-[Esm]-(P) 
The 2-hydroxyethylsulphonylmethyl polymer was obtained from the foregoing 
HO-[Etm]-(P) by oxidation with pertnfluoroacetic acid in the following way 
A pertnfluoroacetic acid solution was prepared by pouring 0 78 ml of 100% 
H 2 0 2 (33 mmoles) into 50 ml of dichloromethane Then 4 69 ml (33 mmoles) 
of tnfluoroacetic anhydride were added with stirring, the temperature of the 
solution increased, so that cooling was necessary This solution was added 
over 10-15 minutes and with stirring to 12 8 g (15 mmoles of S) of the 
2-hydroxyethylthiomethyl polymer, suspended m about 250 ml of dichloro­
methane 
After the addition the cream-coloured resin was filtered, and washed with 
500 ml of ethanol -water (1 - 1) and 3 x 100 ml of methanol, until the filtrate 
was free of peroxides Then the resin was dried in high vacuum 
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LR. spectroscopy showed that the resm was still contaminated with pertn-
fluoroacetic acid (peaks at 1800 cm-1 and 1140-1200 cm 1). To eliminate 
the acid, washings with many different solvent systems were attempted. 
EtOH - HS-CH2-CH2-OH decolourized the resin, but did not wash out the 
pertnfluoroacetic acid very well; HS-CH2-CH2-OH / CH2CI2 ( 1 : 4 , 25 ml/g 
during 30 mm) gave better results. Completely satisfactory results were ob­
tained with ЕЦІМ / CH2CI2 (1 : 9, 80 ml/g) followed by EtOH - CH2CI2 (65 ml/g) 
and MeOH (25 ml/g). 
Finally the resin was dried in high vacuum. 
Analysis HO-[EsmHP) 
Caled. S 3.61%, 1.13 mmoles of S/gram 
I.R. see section 11-1-1, figure IM d 
Boc-Leu-0-[M]-(P)c l 
Method A: 
758.7 mg of Boc-Leu-OH (3.28 mmoles), dissolved in 4 ml of ethanol, were 
added to 2 g of the chloromethyl polymer (2) (5.3% CI. 2.98 mmoles of CI) 
suspended in ethanol, followed by 0.456 ml of EtjN (110%; 3.28 mmoles) The 
mixture was refluxed for 24 hours. 
Next the resin was filtered and washed, each time for 15 minutes with 60 ml 
portions of ethanol, ethanol - water, water, water- methanol, and methanol, and 
was finally dried in vacuo. 
Method B: 
First 2 g (2.98 mmoles of CI) of the chloromethyl polymer were suspended ¡n 
10 ml of DMF and left at 70° С for 4 hours. Then 758.7 mg (3.28 mmoles, 110%) 
of Boc-Leu-OH, dissolved in 5 ml of DMF were added, followed by 0.456 ml 
of Et3N (3 28 mmoles). The mixture was left at 70° С for 20 hours. The resm 
was worked up as described for method A. 
Method C: 
2 g of the chloromethyl polymer (2) (5.3% CI, 2.98 mmoles of CI) were 
suspended in 10 ml of DMF and left at 70° С for 4 hours. Then 1.355 g of 
Boc-Leu-OH DCHA (3.28 mmoles, 110%) and 5 ml of DMF were added, and 
the mixture was again left at 70° С for 20 hours. The resm swelled vigorously, 
so that more DMF had to be added. 
The product was filtered and washed with 2 χ 60 ml of cone, acetic acid to 
dissolve the precipitated DCHA.HCl salt, then subjected twice to the washings 
described in method A, and finally dried in vacuo. 
29 
The preparation was repeated with the chloromethyl polymer (4) of low 
chlorine content 
Analysis Boc-Leu-0-[M]-(P)ci 
See section 11-1-2-1, table 11,1 
Boc-Gly-0-[M]-(P)cl 
Coupling of Boc-Gly with the chloromethylated polymer (1) (1 66 mmoles of 
Cl/g) was carried out according to procedure С 
In this case the amount of Boc-Gly-OH DCHA used was equivalent to the 
amount of CI, bound to the resm 
The preparation was repeated using four different reaction times Analytical 
data of the products obtained, also given in figure II 2, were as follows 
Analysis Boc-Gly-0-[M]-(P)ci 
Time in % N Mmole of Gly/g Mmole of Gly/g of 
hours Found, Caled Found, Caled unsubstit resin Caled 
10 1 2 1 10 0 78 — 0 97 
2 024 — — 017 019 
1 015 — — 011 012 
4 5 0 4 3 — — 0 31 034 
I R see section 11-1-2, figure II 3 a and b 
Boc-Gly-0-[Esm]-(P)H O 
The coupling of Boc-Gly-OH with the 2-hydroxyethylsulphonylmethyl polymer 
was achieved with DCC 
For this purpose 1 g of the resin (1 13 mmoles of S/gram, 1 13 mmoles 
HO-residues/g) was suspended in 5 ml of CH2CI2, and 0 99 g (5 65 mmoles) 
of Boc-Gly-OH (5 equiv) dissolved in 10 ml of CH2CI2 was added, followed 
by 1 17 g (5 65 mmoles) of DCC, dissolved in 10 ml of CH2CI2 On the addition 
of DCC an immediate white turbidity was observed, possibly due to the for­
mation of the symmetric anhydride of Boc-Gly-OH 
The reaction flask was axially rotated to mix the components well 
After reaction times of 2 and 4 hours samples were taken They were filtered, 
washed (each time for 5 minutes) with 3 χ 15 ml portions of CH2CI2, CH3COOH, 
DMF, ethanol and methanol, and finally dried m high vacuum 
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Analysis Boc-Gly-0-[Esm]-(P)HO 
Time 
% N Mmole of Gly/g Mmole of Gly/g of 
Found Caled. unsubstit. resin Caled. 
2 h 0.36 0.26 0.27 
4 h 0 51 0 36 0.39 
Boc-Gly-0-[Esm] -(Ρ) FO 
Coupling step: 
The synthesis of Boc-Gly-0-[Esm]-(P)Ho w a s carried out with 9 g of the 
2-hydroxyethylsulphonylmethyl polymer, employing a reaction time of 4 hours. 
To prevent methanolysis, ethanol was used in the last washing of the Boc 
ammo acid resin. 
Analysis Boc-Gly-0-[Esm]-(P)HO 
% N Mmole of Gly/gram Mmole of Gly/g of 
Found Caled. unsubstit. resin Caled. 
0.45 0.32 0.34 
I R. see section 11-1-2, figure ll:3 с 
Formylation step: 
In 55 ml of benzene in a rotating reaction flask 11.4 g of the foregoing tert-
butyloxycarbonyl-glycme polymer (Boc-Gly-0-[Esm]-(P)Ho) were suspended. 
According to the analysis of HO-[Esm]-(P) (1.13 mmoles of S/gram) and 
Boc-Gly-0-[Esm]-(P)Ho (0.34 mmoles of Gly/g of unsubstituted resin) the resin 
contained 0 8 mmoles OH/g. 
Therefore 11.4 g of the resin (9.12 mmoles OH) were formylated with a tenfold 
excess (91.2 mmoles) of a formylatmg agent, composed of 9.3 g of acetic 
anhydride (8 57 ml, 91.2 mmoles) and 4.2 g of formic acid (3.45 ml, 91.2 mmoles). 
The mixture was left at 45° С for 1 hour, and after cooling to room tem­
perature about 0.07 ml (0.912 mmole, 1%) of pyridine and 12 ml of benzene 
were added. 
This mixture was added to the resin suspension and the flask was rotated 
for 19 hours. Next the resin was filtered, washed with 2 χ 75 ml of CH2CI2, 500 ml 
of Et jN/CHjCl j (1 :9), 2 x 7 5 ml of CH2CI2, ethanol, CH2CI2, ethanol, and 
dried in high vacuum. 
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Analysis Boc-Gly-0-[Esm]-(P)Fo 
% N Mmole of Gly/gram 
Found Found, Caled 
0 31 0 20 0 22 
I R see section 11-1-2, figure II 3 d 
CLEAVAGE FROM THE RESIN 
To cleave Boc amino acid derivatives from the solid supports, the fol lowing 
reagent gave the best results 
dioxan 7 5 ml j 
methanol 2 25 ml [ 0 1 ЛУ NaOH 
4 N N a O H 0 25 ml ) 
Dependent on the ammo acid content of the resin (varying from 0 5 to 0 2 
mmoles of Boc-Gly) 1 0 - 2 0 mg of the resin were brought into a narrow test 
tube Then 0 25 ml of the cleaving reagent containing 25 μιτιοΙ of the base 
(a 5 to 6-fold excess) was added and the tube was agitated vigorously with 
a vortex-mixer After 3 minutes 0 25 ml of cone acetic acid was added to 
stop the reaction 
The resin settled after a few minutes and samples of 20 ul of the supernatant 
were taken for thin-layer chromatography Even on complete hydrolysis such 
samples could be used without dilution in thin-layer chromatography 
To get samples for infrared spectroscopy the resin was fi ltered and washed 
with 2 ml portions of acetic acid, dichloromethane, W-methyl-morpholme / 
C H 2 C I 2 (1 9), dichloromethane and ethanol and dried m high vacuum 
This isolation technique was also used if cleavage was repeated 
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CHAPTER III CLEAVAGE OF THE Boc GROUP 
III-1 DEPROTECTING REAGENTS A N D MONITORING OF THE 
DEPROTECTION 
III-1-1 INTRODUCTION 
Since the introduction of the Boc group into peptide synthesis by McKay 
and Albertson ('), and Anderson and McGregor (2) in 1957, many deprotectmg 
agents for this group have been investigated 
Originally these reagents were meant for peptide synthesis in solution only 
After the introduction of solid phase synthesis, where the Boc group proved 
to be equally suitable as a temporary α-amino protecting group (3 4), the 
known deprotectmg reagents had aga η to be tested, in addition new reagents 
were tried An essential criterion for a good deprotectmg agent in solid phase 
synthesis is that complete and selective deprotection is achieved 
At first, 100% TFA (5), 90% aqueous TFA (*), and TFA or HCl in an organic 
solvent were used as deprotectmg media for the Boc group in classical 
synthes s Thus Laufer and Blout (7) made use of 5-8 N HCl in DME 
Later on Halpern and Nitecki (e) also obtained good results with 98-100% 
formic acid Borontrifluonde etherate in acetic acid was succesfully employed 
by Hiskey et al (9) Its value was confirmed by Schnabel et al (1 0 11) These 
authors had sim lar experiences with 70% aqueous TFA 
When the Boc group was introduced into solid phase synthesis first 1 N HCl 
in acetic acid was succesfully employed (3 4) Stewart and Woolley (12), and 
Mernfield ( , 3) proved that 4 N HCl m dioxan could also be used Gutte and 
Mernfield ( M ), and Krumdieck and Baugh ( , s) employed TFA in CH2CI2 in 
various ratios (1 1,1 4) 
Comparison of these deprotectmg media by Karlsson et al (16) indicated that 
1 N HCl m acetic acid was satisfactory TFA/CH2CI2 cleaved faster, but m this 
medium there also appeared to be some cleavage of the peptide from the 
Mernfield resin Karlsson et al (16) found that a HCOOH/CH2CI2 (1 1) mixture 
did not lead to deprotection, which fully agrees with our results (described in 
section III-1-3) 
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The usefulness of the diverse reagents depends on the ammo acid com­
position of the peptide to be treated. If it contains L-tryptophan, highly sen­
sitive to acid and oxidation, many recommended reagents might oxidize the 
indole ring. In addition the tert-butylcarbonium ions which are disengaged might 
also alkylate both the indole ring of L-tryptophan (1 7) and the thioether bond 
of L-methionine ( , β · 1 9 ) . 
For this reason Alakhov et al. (1 7) even advised against use of the Boc group 
in Trp-containing peptides. 
According to Sieber and Iselin ( 1 9 ), however, the use of aqueous TFA 
( 7 0 - 9 0 % ) instead of 100% TFA leads to suppression of these side-reactions, 
because the water present acts as a cation scavenger. 
In the solid phase synthesis of Trp-containing peptides scavengers such as 
anisóle and indole, or reducing compounds have been added to the de-
protectmg reagent to minimize such side-reactions. 
Thus Marshall (20) added 2-mercaptoethanol (1%) to 1 N HCl in acetic acid 
for the deprotection of Trp-containing peptides. In the synthesis of an cc-mela-
notropm analogue Blake and Li (21) used 3.6 N HCl m dioxan with 2-mercapto-
ethanol. Li and Yamashiro (22) added dithiothreitol to TFA/CH2CI2 (1 : 1) in 
order to protect tryptophan. In the solid phase synthesis of a-ACTH-(1-19) 
analogues Blake et al. (23) employed TFA with 2-mercaptoethanol after the in-
troduction of Trp in position 9. 
Building on these experiences Loffet and Dremier f24) proposed mercapto-
ethanesulphomc acid as an attractive deprotectmg agent. The strong acid 
necessary for acidolysis bears itself a protecting SH-group. 
Recently Ohno et al. i25· 26) introduced 0.1 N HCl in HCOOH for the cleavage 
of the Boc group from Trp-containing peptides in solid phase synthesis. 
Formylation of indole-W occurred, but it proved possible to cleave the formyl 
group again m a weakly basic environment, e.g. with 0.1 N aqueous pipendme. 
The reagent cleaved the Boc group well, oxidative destruction of the indole 
moiety being prevented. 
The authors ascribe this to formylation of the ¡ndole-Л/ and to the reductive 
properties of formic acid. 
Cleavage experiments carried out by us confirmed this protective behaviour 
of formic acid. 
In the classical method, cleavage of the Boc group is generally assessed by 
means of thin-layer chromatography. 
In solid phase synthesis quantitative deprotection can be verified e.g. by 
titration of the liberated ammo groups or by appropriate spectrophotometric 
techniques. 
Dormán (27) was the first to practise titration of the C I - ions bound to the amino 
35 
groups after treatment with HCl. This method was subsequently improved 
by Losse and Ulbrich ( 2 β · 2 9 ) . Titration of the ammo groups with perchloric 
acid was employed by Brunfeldt et al. ( э о ), Gisin (Э1) used picric acid, which 
can easily be determined spectrophotometrically. 
Esko et al. (3 2) used 2-hydroxy-1-naphthaldehyde as a colouring reagent and 
analysed the free ammo groups which are involved m a reversible Schiff base 
formation. The dansyl group, which is easily determined fluorometrically, was 
utilized by Garden and Tometsko ( э з ) . They reacted dansyl chloride with the 
free ammo groups on the resin, after which the peptide was cleaved from 
the resin and fluorescence measured. 
In addition to the above mentioned methods, many others are applied to 
estimate both cleavage of the α N H 2 protecting group and also the degree 
of coupling ( 3 4 ). 
To find a suitable reagent for cleavage of the Boc group in the synthesis of 
a-ACTH-(5-10)-hexapeptide, various deprotectmg media, including those al­
ready mentioned and also some new reagents, were tr ied. Both the depro-
tection m solution and the influence of the reagents on the sensitive indole 
moiety of Boc-Trp-OH were studied. Deprotection m the solid phase synthesis 
was examined with Boc-Gly bound to the two different supports to be used. 
Cleavage of the Boc group in solution was estimated by thin-layer chromato­
graphy; that of the Boc group from the two Boc ammo acyl polymers by I.R. 
spectroscopy 
In the case of the 2-hydroxyethylsulphonylmethyl polymer, the product 
remaining after cleavage of the Boc group was itself cleaved from the resin 
and its purity examined by Τ L.C. 
ИМ-2 DEPROTECTION OF Boc-Trp in SOLUTION 
The fol lowing reagents were tried 
A. BFg-etherate/CHjCOOH 
1.27 ml of BF3. OEt2 (10 mmoles) + 3.73 ml of CH3COOH 
B. 9 8 - 1 0 0 % H C O O H 
С TFA/СНСІз (1 : 3) (v/v) 
D. ТРА/СНСІз/Н8-СН2-СН2-ОН 
(1 : 2.6 : 0.4) (v/v) 
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The cleavage percentages in dependence on reaction time are given in table 
111,1. 
Reagent Time (in min) Excess of reagent (molar) 
10 20 40 80 160 
A 100% — — — — 333 
В 100% — — — — 4400 
С 6 0 % 7 0 % 9 0 % 9 5 % 100% 433 
D 5 0 % 5 0 % 7 0 % 9 0 % 100% 433 
Table 111,1 
ad A: With this reagent deprotection was already complete after 10 minutes. 
The product was homogeneous on T.L.C. 
After some 4 hours the solution turned yellow, which may be the result 
of the large excess of BF3-complex used. 
ad B: Formic acid led quantitively to a very pure product within 10 minutes. 
The solution remained clear; formylation of the indole-N or a-NH2 
group was not perceptible by T.LC. 
ad C: With the mixture ТРА/СНСІ
Э
 (1 : 3) deprotection was complete only 
after a somewhat longer period (160 minutes); however, after 105 
minutes the solution had turned bright violet and after three or four 
hours formation of by-products could be seen on the chromatogram. 
ad D: Addit ion of 2-mercaptoethanol resulted in even slower cleavage of the 
Boc group than with reagent C, while by-products developed after 3 or 
4 hours. 
The solution, however, remained colourless. 
It was evident from these introductory experiments that further study of the 
reagents A and S was worth-while. 
Moreover we prepared a reagent £ (1.27 ml of BF3. OEt2 (10 mmoles) in 18.73 
ml of C H 3 C O O H - HCOOH (1 - 1)), obtained by mixing A and B, in order to 
combine the favourable reductive activity of HCOOH with the advantages of 
BF3-etherate. 
We then determined the influence of the molar ratio of these three reagents 
upon the degree of deprotection at a fixed reaction time of 20 minutes. 
The results are represented in table III,2; the cleavage percentages reported 
have again been obtained by T.L.C, analysis. 
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Reagent A 
Molar 
excess 
40 
20 
10 
5 
2 
Depro-
tection 
20 mm 
100% 
100% 
100% 
9 5 % 
7 0 % 
Reagent В 
Molar 
excess 
4400 
1000 
500 
200 
100 
Depro-
tection 
20 min 
100% 
100% 
9 0 % 
7 5 % 
5 0 % 
Reagent E 
Molar 
excess (BF3) 
40 
— 
10 
— 
2 
Depro-
tection 
20 mm 
100% 
— 
100% 
— 
100% 
Table 111,2 
The experiments led to the fol lowing results: 
ad A: A single treatment with a f ivefold excess of reagent A (0.2 M B F 3 . OEt2 
in C H j C O O H ) for 20 minutes proved to effect almost complete depro-
tection. 
Ten- to fortyfold excesses, however, led after some hours to a bright 
yel low to brown colouration. 
ad B: With a reaction time of 20 minutes only a one-thousandfold excess of 
HCOOH gave complete deprotection. A smaller excess may be used 
(e.g. 400- to 500-fold) if the reaction time is prolonged to 40 - 60 minutes; 
this is discussed again in chapter VI. 
The reagent is consequently very suitable for cleavage of the Boc group, 
especially in the presence of L-tryptophan, which agrees with the results 
of Halpern and Nitecki (8). 
ad E: A twofold excess of this reagent (calculated for the quantity of 
B F 3 . OEt2-complex) proved to cause 100% deprotection within 20 
minutes. Even in tenfold excess the deprotecting reagent still met our 
requirements; discolouration (present in A) was not seen now. 
When using a fortyfold excess a faint yel low colour developed only 
after 4 or 5 hours. 
Thus, in addition to HCOOH, B F j . OEt2 in CH3COOH - H C O O H ( 1 - 1 ) also 
proved to be a good cleaving reagent for the Boc group in classical peptide 
synthesis. 
With neither of the two reagents formylation of the indole ring was ob­
served (25· 2 6 ) ; Rf and U.V. properties {i.e. U V 2 4 5 + , UV 3 5 0 +) were identical 
to those of L-tryptophan. 
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For cleavage of the Boc group from peptides in conventional synthesis, formic 
acid was used whenever possible as will be described in chapter VI 
The problem of diketopiperazme formation, which may arise when cleavage 
of the Boc group is carried out with HCOOH in the dipeptide stage, is also 
discussed in that chapter 
111-1-3 DEPROTECTION OF Boc-Gly B O U N D TO THE SOLID SUPPORTS 
As mentioned in section III-1-1 cleavage of the Boc group from Boc ammo 
acyl polymers was studied by I R spectroscopy and T L C 
Deprotection of Boc-Gly-0-[M]-(P)a 
For this study a Boc-Gly resin with a high incorporation value (0 78 mmoles 
of Gly/g, see chapter II) was used 
One gram of the resin was placed in the reaction vessel (designed for manual 
synthesis and described in chapter IV) and treated with a deprotectmg 
reagent for 15 to 40 minutes It was neutralized by washing twice with 15 ml 
of 1 0 % DIEA in C H 2 C I 2 for 15 minutes After other usual washings the resin 
was dried and an I R spectrum was recorded 
The cleavage of the Boc group is seen from the fol lowing changes in the I R 
spectrum (see figure III 1) 
There was a decrease in the fol lowing peaks 
ν = 3420 - 3440 cm ' -CO-NH-, -NH-
v = 1670 -1770 cm ' -CO-NH-, -CO-O-
The fol lowing peaks, which had appeared after the introduction of Boc-Gly 
(see chapter II), completely disappeared 
ν = 1500-1510 c m 1 -O-CO-NH-
v = 1385 c m 1 (СНз)эС-
v = 1250 c m 1 -C-O-CO-NH-
v = 1050 -1060 cm ' -C-O-CO-NH-
The ester peaks remained unchanged, and a new peak emerged due to the 
liberated NH 2 -group 
ν = 3400 cm ι NH 2 -
v = 1710-1770 c m 1 -CO-O-
v = 1130- 1200 c m 1 -CO-O-
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Figure III 1 
I R spectra before and after cleavage of the Boc group from Boc-Gly-0-[M]-(P)(;i 
Relevant characteristic absorptions are indicated by arrows 
The results obtained with various reagents are represented in table lll,3 
It is seen from the table that in contrast to the classical procedure (III-1-2) 
there is no cleavage of the Boc group with fornvc acid, even when chloroform 
is added to promote swelling of the resin This agrees with the results of 
Esko et al ( " ) 
A satisfactory deprotection is obtained with the mixtures TFA/CHCI3 and 
BF3 OEt 2 /CH 3 COOH The latter mixture is preferable to the former because 
TFA is more likely to cause side-reactions m Trp-contammg peptides (ІІІ-1-2) 
and acidolysis of the benzyl ester bond with the support 
The presence of HCOOH in the next two mixtures (added in order to mask the 
tert-butyl carbomum ions and to prevent oxidative destruction of indole 
moieties) also proved favourable for deprotection 
0 4 N HCI/THF, proposed by Southard et al (3 5) for cleavage of the Bmv group 
proved to cause no cleavage of the Boc group 
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Deprotecting 
agent 
HCOOH 
98-100% 
HCOOH 
98-100% 
HCOOH/CHCI3 
O :1) 
TFA/CHCI3 
O :2) 
BF3. OEtj/CHgCOOH 
0 33 M m CH3COOH 
TFA/CH2CI2/HCOOH 
(3 . 6.5 . 0 5) 
BF,. OEt2, 0 33 M in 
CH3COOH/HCOOH 
(1 :1) 
HCI/THF 
1 ml 6 N HCl in 
14 ml THF 
Mo'ar 
excess 
510 
1300 
1300 
57 
128 
53 
(TFA) 
12.8 
(BF3) 
15.4 
Deprotection Number of Cleavage of 
time treatments the Boe group 
20 mm 
20 mm 
20 mm 
30 mm 
20 mm 
15 mm 
20 mm 
15 m η 
1 
2 
2 
1 
2 
2 
2 
+ 
+ 
Table 111,3 
The cleavage of the Boc group can be fol lowed fairly accurately by I R. 
spectroscopy. However to be quite sure of a quantitive removal, subsequent 
analysis is desirable. 
After studying the deprotection by I R., this was done by T.L.C, m the case 
of Boc-Gly-0-fEsm]-(P)Fo· 
DeprotecVon of Boc-Gly-0-[Esm]-(P)fo-
For cleavage of the Boc group the resin containing 0 22 mmoles of Gly/g was 
used (see chapter II). 
A sample of the resin was treated in the same way as was described for the 
corresponding Mernf ield resin. Deprotection was carried out by two treatments 
with 15 ml of 0.33 M BF3 . OEt 2 m CH3COOH/HCOOH (1 • 1 ) (23.8 molar excess) 
each time for twenty minutes. 
Next an I.R. spectrum was taken (see figure 111:2 b). 
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Figure 111:2 
I R spectra before and after cleavage of the Boe group from Boc-Gly-0-[Esm]-(P)po 
Relevant characteristic absorptions are indicated by arrows 
The influence of the cleavage of the Boc group on the spectrum appears from 
comparison with spectrum III 2 a 
The cleavage proves, in this case, more difficult to establish from the spectrum 
than with the Mernfield support 
Deprotection leads to only slight changes in the peaks 
ν = 3440 cm ι -NH-
v = 1680-1770 c m 1 -CO-O- CO-NH-
and to disappearance of the weak absorptions at 
ν = 1500 - 1520 cm ' -O-CO-NH-
v = 1 3 8 5 c m 1 (СНз)зС-
To determine whether the deprotection had reached completion, the product 
obtained was cleaved from the resin as described in chapter II and examined 
by T L C 
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The results indicated that no Boc-Gly remained The liberated product appeared 
for the greater part (80 to 90%) to consist of free glycine, the remainder being 
its methyl ester (see chapter II) 
In view of the satisfactory results obtained with the reagent BF3 OEt2/ 
CH3COOH/HCOOH in the deprotection experiments m conventional as well 
as in solid phase synthesis, this reagent was used in the synthesis of the 
hexapeptide, described in the next chapter 
III-2 EXPERIMENTAL PART 
For details concerning performance of measurements, thin-layer chromato­
graphy and abbreviations used, see appendices А, В, С 
For the syntheses of Boc-Trp-OH and the Boc-glycyl polymers used in the 
following experiments see chapters VII and II, respectively 
CLEAVAGE OF THE Boc GROUP IN CLASSICAL SYNTHESIS 
For cleavage experiments 912 mg of Boc-Trp-OH (0 03 mmole) were dis­
solved in the cleavage reagents employed After various time intervals, 
samples were taken of these solutions and analysed by thin-layer chroma­
tography 
CLEAVAGE OF THE Boc GROUP IN SOLID PHASE SYNTHESIS 
About 1 g of the Boc-glycyl polymers was brought into the reaction flask, 
used m manual solid phase synthesis (described in chapter IV) and sub­
sequently treated with and filtered from 
1 
2. 
3 
4 
5 
6 
7 
8 
9 
The solvent component of the 
reagent (e g CHCI3, CH CI 
cleavage 
CH3COOH) 
A cleavage reagent (see table 111,3) 
As 1 
CH2CI2 
DIEA/CH2CI2 10% (twice) 
CH2CI2 
CH2CI2-EtOH ( 1 - 1 ) 
EtOH-CH 2 CI 2 (3-1) 
EtOH 
10ml 
10 ml 
10 ml 
15 ml 
10 ml 
15 ml 
16 ml 
10 ml 
10 mm 
10 mm 
10 mm 
15 mm 
10 mm 
10 mm 
10 mm 
10 mm 
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Finally the resin was isolated by fi ltration, dried in high vacuum and used in 
infrared spectroscopy 
In the case of the 2-hydroxyethylsulphonylmethyl polymer the ammo acid was 
then cleaved from the resin as described m section 11-2, and analysed by Τ L С 
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CHAPTER IV SOLID PHASE SYNTHESES OF THE 
a-ACTH-(5-10)-HEXAPEPTIDE 
IV-1 SYNTHETIC PROCEDURES AND RESULTS OF THE THREE 
SOLID PHASE SYNTHESES 
IV-1-1 SYNTHETIC STRATEGY AND PROTECTING GROUPS EMPLOYED 
Solid phase syntheses of a-ACTH sequences have already been earned out by 
several research groups 
Originally Loffet i1) reported the solid phase synthesis of the о-АСТН-(б-ІО) 
sequence in 1967 He used the ' Mernfield resin" and incorporated L-argmine 
as well as L-histidme without protection of their side-chains Cleavage of the 
pentapeptide was performed by refluxmg the resin with sodium ethoxide in 
ethanol 
Chou et al (2) synthesized the a-ACTH-(3-10) and а-АСТН-(І-ІЗ) sequences 
in a study concerning the cleavage of the Boc group in various stages of the 
solid phase synthesis The side-chains of L-histidme and L-glutamic acid were 
protected with benzyl groups For protection of the guamdmo function of 
L-argimne the tosyl group was employed 
Considerable work on the solid phase synthesis of a-ACTH sequences has 
been done by the research group of С H Li In 1968 Blake and Li (3) synthe­
sized the a-ACTH-(4-10)-heptapeptide on the Mernfield resin The v-COOH 
group of Glu5 was protected as the benzyl ester, the imidazole moiety and 
the guamdmo function with a benzyl and a tosyl group, respectively For the 
temporary protection of a-NH2 groups the Boc group was used 2-Mercapto-
ethanol or methyl ethyl sulphide was added to protect Trp and Met during 
cleavage of the peptide from the resin with HBr/CF3COOH (see chapter III) 
Blake, Crooks and Li (4) synthesized [Gln5]-a-MSH, which contains the 
a-ACTH-(4-10) sequence except for Gin5, via a similar procedure However, 
m this case the peptide was liberated from the resin as its methyl ester via 
a base-catalysed transestenfication according to Beyerman et al (5) 
Blake, Wang and Li (6) described the syntheses of a-ACTH-(1-19)-nonadeca-
peptide analogues on the Mernfield resin The γ-COOH group of L-glutamic 
acid, the imidazole moiety and the guamdmo group were blocked by a benzyl, 
a tert-butyloxycarbonyl and a tosyl group, respectively Scission from the resin 
and cleavage of the protecting groups were effected simultaneously by 
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treating the peptide resm with liquid HF according to Sakakibara et al (7) 
Finally [Gln5]-o-ACTH-(1-10)-decapeptide hydrazide was synthesized on the 
Mernf ie ld resin by Li and Hemmasi (e), who employed Л/а-Вос amino acid 
derivatives such as Boc-His(Bzl)-OH and Boc-Arg(Tos)-OH Cleavage from 
the resin with hydrazine m DMF yielded the peptide hydrazide in this case 
The W'-benzyl and the /\/G-tosyl groups were usually removed by treatment of 
the peptide with sodium in liquid ammonia 
As mentioned in chapter I, it was our intention to synthesize an a-ACTH-
(5-10)-hexapeptide derivative, that after cleavage from the solid support 
remained sufficiently protected to be used in fragment condensations via 
classical procedures 
A new resin was developed for that purpose, which allowed such a mild 
procedure for the liberation of the peptide, that side-chain protecting groups 
remained intact but the C-termmal carboxyl groups became free 
In our syntheses also Л/а-Вос protection was employed The /V-termmal 
glutamic acid, introduced as its γ-tert-butyl ester, carried however, a benzyl-
oxycarbonyl group as a-NH2 protection, thus permitting selective deprotection 
by hydrogenolysis 
The nitro group was employed for protection of the guamdmo function, 
because unprotected /\/a-Boc-L-arginine is not practicable in solid phase 
synthesis 
This protecting group can ultimately be removed by hydrogenolysis, provided 
the sample to be reduced is well purif ied, if not, the hydrogénation time may 
be very long This results in formation of ammo-guamdmo groups as indicated 
by Iselm (9), and reduction of the indole moiety in the neighbouring L-trypto-
phan, as has been found by Bajusz et al (10) 
A disadvantage of the use of a mtroarginme derivative in solid phase synthesis 
may be its conversion into L-ornithme, as was observed by Yamashiro 
et al f11) However, this conversion seems only to occur in the particular 
case of peptides containing a His-Arg sequence 
The nitro group was preferred to the tosyl group (mainly used by Li and 
co-workers) because removal of tosyl groups with sodium in liquid ammonia 
is a very drastic method m peptide synthesis as has been reported by Zahn 
et al ( ,2) and by Mernf ield and Marglm (1Э) 
Many protecting groups are known for the protection of the imidazole moiety 
of L-histidme, but several of them seemed unsuitable for our purpose 
For example N ^ - Z (1 4) and W^-Boc ( n ) protection have found little employ­
ment in solid phase synthesis, the N'm-Z group behaves as an activated 
benzyloxycarbonyl group so that acylation of free α-amino groups may occur, 
and N ^-B oc protection, satisfactory in the classical synthesis of poly-L-his-
tidme ( 1 5 ), cannot easily be combined with Л К В о с protection 
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The cleavage requirements of 2,2,2-trifluoro-1-acyloxycarbonyl-aminoethyl 
groups (Z-TF and Boc-TF) introduced by Weygand et al ( 1 6 1 7) differ only 
slightly from those of the Л К В о с group Moreover they contain an asym­
metric centre, and steric hindrance may cause incomplete incorporation in solid 
phase synthesis 
The pipendmo-carbonyl group, introduced by Jager et al (1 β) has the dis­
advantage that it can only be split off with hydrazine or 2 N NaOH ( " ) 
Thus, in our case, the benzyl (2 0) and the 2 4-dinitrophenyl t 2 1 ) group seemed 
to remain as the only suitable protecting groups for the imidazole moiety 
We preferred the latter, because the benzyl group does not lower the basicity 
of the imidazole moiety This may cause side-reactions especially racemi-
zation as was shown by Wmdndge and Jorgensen f 2 2 ) , in addition, cleavage 
of the benzyl group has to be done by catalytic hydrogénation, which is rather 
protracted, or by treatment with sodium m liquid ammonia Both methods are 
very unattractive in our case, as mentioned earlier 
The 2,4-dinitrophenyl group, on the other hand, can be cleaved selectively by 
thiolysis according to Shaltiel and Fridkm (23 2 4) , and by hydrazmolysis or 
methanolysis as has been shown by Losse and Krychowski (19) 
Deprotection of the imidazole group also occurs during cleavage of peptides 
from solid supports with our alkaline cleaving reagent This cleavage of the 
Dnp group during scission of peptides from their solid support by saponifi-
cation, hydrazmolys's or ammolysis had already been observed by Shvachkm 
e t a / («) 
In our case this simultaneous cleavage of the Dnp group is advantageous 
because the peptides obtained by the solid phase method were compared 
with reference compounds, obtained by conventional methods (see chapter VI), 
in which the imidazole group was left unprotected 
Possible removal of the Dnp group prior to the cleavage of the peptides from 
solid supports is discussed in chapter V 
A disadvantage of the Dnp group might be its light-sensitivity, known from 
its use in classical procedures (chapter VII) We found, however, that this 
difficulty did not arise m our solid phase syntheses (section IV-1-3) 
Finally, the γ-COOH group of L-glutamic acid was protected as tert-butyl ester, 
fol lowing Schwyzer and Kappeler (2 4) in the synthesis of the hexapeptide via 
classical methods 
IV-1-2 THE M A N U A L SOLID PHASE SYNTHESIS 
IV-1-2-1 SYNTHETIC PROGRAMME 
In the manual synthesis we started from 4 75 g of the Boc ammo acyl polymer 
Boc-Gly-0-[Esm]-(P)Fo (described in chapter II) with an incorporation value of 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12, 
Step 
no. 
22 
13,17,23 
14,18,24 
15,19,25 
16,20,26 
è 
21,27 
Operation 
Wash 
Cleavage of the 
Boc group 
Wash 
,, 
Formation HCl salt 
Wash 
,, 
,, 
Liberation of α-Λ/Η2 
Wash 
fl 
,, 
Coupling {1st, 2nd, 3rd) 
Wash 
1t 
M 
·· 
Reagent 
CH3COOH 
BF3 . OEt 2 in 
CH3COOH - HCOOH 
C H 2 C I 2 
Dioxan 
HCI/dioxan 
Dioxan 
Ether 
C H 2 C I 2 
10% DIEA in C H 2 C I 2 
C H 2 C I 2 
t-BuOH - C H 2 C I 2 ( 9 5 -
C H 2 C I 2 (DMF) 
Boc-AA-OH in CH 2 CI 2 
+ D C C ( Р ( О С 6 Н 5 ) з -
CH 2 CI 2 , DMF 
EtOH 
C H 2 C I 2 (DMF) 
Ethanol - ether 
5) 
„ DMF 
Im) 
Number of 
treatments 
1 
2 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
— 
2 
1 
1 
2 
Ì 
Ml 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
20 
15 
15 
15 
15 
Time 
(mm) 
5 
15 
5 
5 
10 
5 
5 
5 
10 
5 
5 
5 
— 
5 
5 
5 
5 
Remarks 
Resin: orange-brown 
to violet 
Grey-coloured resin 
Samples for 1 R. and T.L.C. 
Yellow-coloured resin 
Shrinkage of the resin 
For details see: ad 13 
Removal of DCU formed 
Samples for I.R. and T.L.C. 
Table IV,1 
0 21 mmole of Gly/g of resin, so that a total amount of about 1 0 mmole of 
polymer-bound Gly was present in the reaction vessel 
The programme given in table IV,1 was used for all five subsequent couplings 
ad 2 The cleavage of the Boc group was always accomplished with 1 27 ml 
of BF3 OEt2 (10 mmoles, a tenfold excess) m a CH3COOH/HCOOH 
mixture as described in chapter III 
After the introduction of L-tryptophan a brown-violet colour appeared 
during the subsequent cleavage steps, this was not observed during 
a similar deprotection of Boc-Trp-OH m solution (see chapter III) 
ad 5 Before the evaluation of the cleavage of the Boc group by I R spectro­
scopy and T L C , the free /V-termmal amine was converted into the 
correspond'ng HCl salt by washing the entire resin with HCl in dioxan 
This was done in order to prevent possible side-reactions caused by 
free a-NH2 groups or their formates 
ad 9 For the liberation of the ammo functions 10% DIEA m CH2CI2 was 
always used As was demonstrated m chapter II, this procedure is 
harmless towards the peptide-polymer bond 
ad 11 In this treatment, intended to shrink the resin well (27). t-BuOH was 
preferred to ethanol or methanol After the treatment with a tertiary 
amine, these latter reagents might cleave the peptide from the polymer 
by transestenfication 
ad 13 The reaction conditions depend on the ammo acid to be incorporated 
The incorporation of the second amino acid (Trp) was done by three 
treatments with 2 equivalents of Boc-Trp-OH and 2 equivalents of 
DCC, during 2, 2 and 4 hours, respectively 
Boc Arg(N02)-OH was coupled using the triphenyl phosphite - imida­
zole method according to Mitin and Glmskaya (2e), because it has 
been found that in this particular case the DCC method sometimes 
presents difficulties in solid phase synthesis (29) 
In the first coupling step 1 equiv of Boc-Arg(N02)-OH, 1 5 equiv of 
P(OC6H5)3 and 1 5 equiv of imidazole were used and the mixture 
was left at 40° С m DMF for 18 hours 
The coupling was repeated, using three times the original amounts in 
DMF - dioxan for 20 hours at 40° С 
Boc-Phe-OH was incorporated by two treatments with 2 equiv of the 
ammo acid derivative m the presence of 2 2 equiv of DCC m CH2CI2 
for 9 and 4 hours, respectively 
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Boc-His(Dnp)-OH was introduced, using the same excesses of 
reagents as mentioned for Boc-Phe-OH, during 9 and 5 hours 
respectively. However, in order to guarantee good dissolution of 
Boc-His(Dnp)-OH, CH2CI2 - DMF was used as reaction medium. 
Finally, Z-GlufOBuO-OH was coupled twice to the peptide resin, using 
a twofold molar excess and 2.2 equiv. of DCC in CH2CI2 for 4.5 and 7 
hours, successively. 
IV-1-2-2 EVALUATION OF THE INDIVIDUAL STEPS 
The result of each conversion in the synthesis of the hexapeptide was 
evaluated by means of infrared spectroscopy, and thin-layer chromatography 
using the solvent systems В, С and D. 
Resin samples were taken each time after cleavage of a Boc group and after 
a coupling step. For thin-layer chromatography the products were detached 
from a resin sample as described in chapter II. The synthesis was effectively 
monitored in this way. 
The usefulness of I R. spectroscopy for this purpose decreased as more 
coupling steps had been performed, as can be seen from figure IV: 1, showing 
increasingly similar spectra after the last three steps (coupling with 
Boc-His(Dnp)-OH, cleavage of the Boc group and coupling with the next amino 
acid derivative: Z-Glu(OBul)-OH). 
The following conclusions could be derived from the analytical data: 
1) The cleavage of the Boc group was quantitative in all stages of the syn­
thesis. 
This was important because, according to Chou et al. (2), cleavage of an 
N-termmal Boc group may depend not only on the amino acid sequence 
but also on its distance from the solid support. 
No formylation of the indole moiety (as discussed in chapter III) was in 
fact observed. Moreover, it may be assumed that N'-formyl groups, if formed 
during cleavage of the Boc group, will be split off simultaneously with the 
cleavage of the peptides from their solid supports. 
2) Variable results were obtained from the individual coupling steps. 
Coupling of Boc-Trp-OH by the DCC method was quite satisfactory. 
The introduction of Boc-Arg(N02)-OH by the triphenyl phosphite - imidazole 
method proceeded less well, however. 
After scission from the resin, T.L.C, showed that besides the desired 
products (free acid and the corresponding methyl ester of the tripeptide), 
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Figure IV:1 
Infrared spectra of the penta- and heptapeptide resins, obtained by manual solid phase 
synthesis Relevant characteristic absorptions are indicated by arrows 
the foregoing unprotected dipeptide and other undefined compounds were 
also present 
As will be demonstrated in chapter VI this method for the coupling of 
Boc-Arg(N02)-OH gives good results in classical synthesis In that chapter 
this coupling method will be discussed m more detail 
The coupling of Boc-Phe-OH seemed also not to be quite successful 
Possibly also due to the previous unsatisfactory coupling step no homo-
geneous products were obtained 
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During the introduction of Boc-His(Dnp)-OH the resin was coloured inten­
sively red-orange by the presence of the 2,4-dinitrophenyl moiety 
The obviously extensive incorporation of Boc-His(Dnp)-OH was confirmed 
by thin-layer chromatography (Pauly positive products). After the coupling 
with Boc-His(Dnp)-OH, scission of the peptide from the resin yielded two 
equally strong Pauly positive spots on T.L.C, plates, the one with the 
highest Rf-value being the desired pentapeptide with a C-termmal free 
carboxyl function. 
In addition, infrared spectroscopy (see figure IV: 1) showed the appearance 
of N 0 2 peaks at 1540 c m
1
, and at 1350 and 840 cm \ 
Coupling with 2-С1и(ОВи')-ОН yielded two new mam products with higher 
Rf-values. 
That with the higher Rf-value was identical to the free acid of the hexa-
peptide, obtained by dissolving the correspond,ng methyl ester, synthe­
sized by classical procedures (chapter VI), in the reagent used for 
cleavage from the resin. 
3) Cleavage of the imidazole protecting group could be realized with 
thiophenol/DMF (the most suitable reagent for this purpose, as wil l be 
demonstrated in chapter V) but also with 2-mercaptoethanol/DIEA/dioxan 
(2 : 0 8 : 7.2, v/v). 
The applicability of the latter reagent disagrees with the unsatisfactory 
results obtained by Shaltiel and Fndkm (2 4) in thiolyses with 2-mercapto-
ethanol in dioxan or at higher pH, and with our experiences with peptide 
resins, formed in the automated syntheses (see chapter V). 
The surprisingly large amounts of Boc-H,s(Dnp)-OH present in the resin 
may also be due to an absorption of this compound to the resin as sup­
posed by Schaich and Schneider ( 3 0 ), wh'ch could also be an explanation 
for the easy removal of the Dnp moiety 
However, these events could not be substantiated by T.L.C, analysis in 
our case. 
Possibly the ratio N^-Dnp/peptide/resm is responsible for these different 
deprotection results. 
4) During cleavage of the end-product from the support with dioxan -
methanol -AN NaOH (0.1 N) (see chapter II) it appeared that degradation 
of the desired hexapeptide occurred, part'cularly when a cleavage time 
of 10 minutes was employed. 
By reducing the amount of 4 N NaOH in the reagent (final concentrations 
of 0 01 - 0.04 N), this degradation could be prevented However, such a 
reduction increased the ratio methyl ester/free acid in the product. 
The degradation of the final product may be due to the occurrence of 
transpeptidation during the cleavage procedure as wil l be discussed in 
chapter V. 
53 
In conclusion: 
The manual solid phase synthesis, carried out as described in this chapter, 
gave the desired hexapeptide, though in low yield. 
Apart from many small imperfections, inevitable in such a laborious synthetic 
procedure, there seem to be two more important causes for the low yield. 
First, the poor incorporation of Boc-Arg(N02)-OH with the tnphenyl 
phosphite - imidazole method remains a fundamental problem. 
Secondly, the duration of the analytical procedure employed after each con­
version is a technical shortcoming. It leads to a prolonged time 
interval between the cleavage of the Boc group and the subsequent 
coupling step, which might cause unwanted side-reactions such as 
inter- and mtra-molecular aminolysis (31· 3 2·3 3· 34) and ammo acid 
insertion (31· 3 5 ) . 
IV-1-3 AUTOMATED SOLID PHASE SYNTHESES 
IV-1-3-1 PERFORMANCE OF THE SYNTHESES 
Starting from the Boc-glycyl polymers, Boc-Gly-0-[Esm]-(P)Fo and Boc-Gly-
0-[M]-(P)ci, syntheses were performed with the Schwarz BioResearch Auto­
mated Peptide Synthesizer. 
They were based for the greater part on the strategy described in section 
IV-1-1, and followed largely the synthetic programme as reported in section 
IV-1-2-1. 
However, in view of the results obtained by the manual synthesis (reported in 
section IV-1-2-2) the following improvements were introduced. 
a) The introduction of Boc-Arg(N02)-OH was carried out in CH2CI2 - DMF 
and with DCC instead of triphenyl phosphite - imidazole. 
b) The time intervals between deprotection of α-amino groups and the sub­
sequent coupling step were reduced to those needed for necessary 
washings. Analysis of samples was omitted in these stages of the syn­
theses. 
During the analysis of resin samples, taken after each coupling step, the 
peptide resin m the reactor was kept in the dark, under nitrogen and 
swollen with CH2CI2. 
c) Apart from these deliberately introduced refinements, the efficiency of an 
automated procedure is inherently greater. The elimination of involuntary 
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deviations from the chosen reaction conditions, inevitable in the manual 
procedure, ensures a much closer adherence to the designed reaction 
conditions 
Moreover, the whole synthesis performed by the synthesizer proceeds in 
a nitrogen atmosphere, which is of importance because it protects the in­
termediates from atmospheric oxygen, carbondioxide and humidity 
An optimum mixing of resin and reagents is obtained by the adjustable 
agitation of the reactor 
Full programmes for the subsequent couplings of the ammo acids to the 
resins are presented in the experimental part 
IV-1-3-2 RESULTS AND CONCLUSIONS 
The syntheses were monitored by thin-layer chromatography and infrared 
spectroscopy on samples taken after each elongation step 
In order to get more insight into the influence of the reaction conditions during 
cleavage of peptide derivatives from the resins, on the ratio between formed 
methyl ester and free acid, and on the occurrence of peptide degradation, 
cleavage was performed on several resin samples using varying cleavage 
times and with cleaving reagents containing different amounts of NaOH 
Results of Τ L С and other analytical observations 
1) Employing either the "ß-sulphone resin" or the "Mernfield resin", all 
coupling steps (including that with Boc-Arg(N02)-OH) proceeded nearly 
quantitatively 
In all cases only the expected peptide derivatives (free acids and methyl 
esters), never foregoing intermediates, were found on Τ L С plates 
Moreover, the use of Boc-His(Dnp)-OH for the introduction of the L-his-
tidme residue raised no special problems in these automated syntheses 
After the automated synthesis with either the Mernfield resin or the 
ß-sulphone resin, weight increases of the end-products agreed closely with 
the calculated amounts, which were based on the amount of glycine origi-
nally present in the starting material 
2) The Rf-values of the peptide products obtained from the resins, agreed 
fully with those of the reference compounds upon chromatographic 
examination, moreover m all detection methods used (UV254, UV366, RH, Ρ), 
corresponding compounds behaved quite similar 
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Τ L.C. Analysis 
Peptides obtained after cleavage 
from the solid supports 
Boc-Gly-OH 
Boc-Gly-OMe 
Boc-Trp-Gly-OH 
Boc-Trp-Gly-OMe 
Boc-Arg(N02)-Trp-Gly-OH 
Boc-Arg(N02)-Trp-Gly-OMe 
Boc-Phe-Arg(N02)-Trp-Gly-OH 
Boc-Phe-Arg(N02)-Trp-Gly-OMe 
Boc-His-Phe-Arg(N02)-Trp-Gly-OH 
Boc-His-Phe-Arg(N02)-Trp-Gly-OMe 
Bos-His(Dnp)-Phe-Arg(N02)-Trp-Gly-OMe 
Z-Glu(OBut)-His-Phe-Arg(N02)-Trp-Gly-OH 
Z-Glu(OBut)-H!S-Phe-Arg(N02)-Trp-Gly-OMe 
Z-Glu(OBu')-His(Dnp)-Phe-Arg(N02)-Trp-Gly-OMe 
Degradation product 
01 
[EsmH 
55 
45 
75 
25 
85 
15 
90 
10 
93 
7 
0 
90 
8 
0 
2 
Product cot 
cleavage ρ 
Ν, 3 mm 
Ρ) [МНР) 
70 
30 
80 
20 
60 
40 
75 
25 
80 
20 
0 
90 
8 
0 
2 
Tiposition ( 
>rocedure a 
0.1 N 
1 Ц mm 
1 <J 1 I I II 1 
[МНР) 
100 
0 
100 
0 
100 
0 
100 
0 
100 
0 
0 
80 
4 
0 
16 
3) The brown-violet colouration of the resin, seen in the manual synthesis after 
cleavage of Boc groups, appeared only in the automated synthesis on the 
ß-sulphone resin. 
During washing with the amine solution (function number 37 of the pro-
gramme, see experimental part), however, the resin always regained its 
original colour. 
4) The composition of the products cleaved from the solid supports differed 
according to the cleavage procedure, the resin used, and the length of 
the peptide cleaved, as can be seen from table IV,2 and figure IV-2. The 
results of the automated syntheses, as compared with those of the manual 
synthesis, are also illustrated 
The percentages reported in table IV,2 are based on estimations on T.L.C. 
plates. As found in chapter II, and as will appear m the next chapter, 
cleavage with the 0.1 N cleaving reagent for 3 minutes (particularly with 
the Mernfield resin) was far from quantitative. Thus percentages given in 
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Rf-values and detection of the products 
T.L.C, solvent systems Detection methods 
В 
0.17 
0.80 
0.06 
0.65 
0.03 
0.53 
0.03 
0.56 
0 03 
0.21 
0.62 
0.03 
0.35 
0.66 
0.03 
D 
0.64 
0.70 
0 66 
0.77 
0.59 
0.71 
0.65 
0.74 
0.43 
0.53 
0.74 
0.52 
0.62 
0.76 
0.44 
F 
— 
— 
0.50 
0.72 
0.46 
0.69 
0.50 
0.71 
0.34 
0.57 
0.70 
0.43 
0.62 
0.73 
0.26 
uv2 5, 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
UV3éé 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
RH 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Ρ 
-
-
-
-
-
-
-
-
+ 
+ 
-
+ 
+ 
-
+ 
Table IV,2 
the table are only indicative of the product ratios. 
It appears that with the more basic reagent (0.1 N) generally more of the 
acid than of the methyl ester was obtained. With the ß-sulphone resin 
especially the acid/ester ratio increased with the length of the peptide 
chain. 
Cleavage with the reagent for 15 minutes was only carried out with the 
Mernfield resin; in most cases only the free acid appeared to be formed, 
but at the hexapeptide stage the prolonged hydrolysis led to substantial 
amounts of degradation products. 
With the weaker reagent (0.03 N) slightly more ester than acid was gener-
ally obtained. 
Peptide degradation at the hexapeptide stage was not completely suppres-
sed by the lower alkalinity of the reagent. 
Moreover the Dnp group was only partly cleaved from the peptides during 
cleavage from the resin by this reagent. 
a function of 
lymer support 
m]-(P) 
— 
— 
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60 
40 
60 
35 
65 
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[МНР) 
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70 
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Figure IV:2 
Comparison of the three solid phase syntheses by T.L.C analysis using solvent systems 
β and D. 
Detection methods 
a: UV 
Ь: UV. 
C: RH' 
254 
366 
Cleavage procedures: Synthetic procedures: 
1 = 0.1 N. 3 mm 
2 = 0.1 N, 15 mm 
3 = 0.03 N, 15 min 
M = manual, [Esm]-(P) - support 
S = automated, [Esm]-(P) - support 
С = automated, [М]-(Р) - support 
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Figure IV:3 
Infrared spectra of polymer-bound peptides obtained by automated synthesis on the 
ß-sulphone resin ([Esm]-(P)) 
Relevant characteristic absorptions are indicated by arrows. *) Curve obtained using a 
higher sensitivity. 
Results of monitoring of the syntheses by I.R. spectroscopy. 
In figures IV:3, 4, 5 and 6, typical spectra, representing the subsequent stages 
of the syntheses, have been reproduced. 
It is clear that the usefulness of I.R. spectroscopy in monitoring the synthetic 
procedure of larger peptides decreases rapidly as the peptide chain becomes 
longer. 
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Figure IV:4 
Infrared spectra of polymer-bound peptides obtained by automated synthesis on the 
Mernfield resin ([МНР)) 
Relevant characteristic absorptions are indicated by arrows *) Curve obtained using a 
higher sensitivity 
The scanty information, obtained from I R. spectra is even more manifest in 
automated syntheses because the effectiveness of the synthetic procedure 
m contrast to the manual procedure leads to a marked broadening of peaks 
( e g of the carbonyl absorption) and diminished resolution of the spectra 
(compare figure IV 5 with f igure IV 1). 
This is particularly prominent with regard to the absorption of the Dnp group, 
after the introduction of Boc-His(Dnp)-OH 
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Figure IV:5 
Infrared spectra of polymer-bound peptides obtained by automated synthesis on the 
ß-sulphone resin ([Esm]-(P)). 
Relevant characteristic absorptions are indicated by arrows. *) Curves obtained using a 
higher sensitivity. 
In the automated syntheses the appearance of new characteristic peaks in 
the region between 1750-1000 cm1, expected after the introduction of the 
subsequent amino acid derivatives (e.g. N0 2 peaks from Boc-Arg(N02)-OH) 
is sometimes hardly observable by the tripeptide stage. 
Nevertheless, I.R. spectra are useful for a comparison of equal syntheses on 
different resins, because the intensity of the broad peak around 3350 cnr1 
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Figure IV:6 
Infrared spectra of polymer-bound peptides obtained by automated synthesis on the 
Mernfield resin ([M]-(P)). 
Relevant characteristic absorptions are indicated by arrows. *) Curves obtained using a 
higher sensitivity. 
relative to that of the sharp polystyrene peak at 3020 cnr1 can be used as a 
measure of the incorporation value. 
From our spectra it is clear that the ratio between the peaks at 3350 and 
3020 c m 1 , in all stages of the synthesis, is lower when using the ß-sulphone 
resin than in the case of the Merrifield resin. 
The low incorporation value of the former has already been deduced from 
other analytical data. 
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IV-2 EXPERIMENTAL PART 
For details concerning performance of measurements, thin-layer chromato­
graphy and abbreviations used, see appendices А, В, С 
The syntheses of the Boc amino acyl polymers, reference peptides and Boc 
ammo acids used are described in the chapters II, VI and VII, respectively 
MANUAL SOLID PHASE SYNTHESIS 
The apparatus 
The reaction vessel and accessories used in the manual solid phase synthesis 
are represented in figure IV 7 
The resin suspension was mixed by connecting the flask via the B29 ground 
joint with a socket, driven by a rotator (Ernst Keller, Basle, type KM 70/40) 
It has previously been shown that this form of mixing is sufficient (36) If 
necessary, the reaction vessel was heated by means of a water bath of 
appropriate temperature during rotation Filling, rotation and draining were 
not carried out under nitrogen 
Synthesis of the hexapeptide resin 
For this synthesis we started from 4 75 g of Boc-Gly-0-[Esm]-(P)Fo (con­
taining a total of 1 mmole of polymer-bound glycine) The synthetic programme 
represented m table VI 1 and discussed in IV-1-2-1 was used in all five 
coupling steps 
AUTOMATED SOLID PHASE SYNTHESES 
The apparatus 
For these syntheses we used the Schwarz BioResearch Automated Peptide 
Synthesizer, shown in figure IV 8 
The synthesizer (figure IV 8) consists of a control unit (left), a reagent unit 
with reagent reservoirs and metering vessels (middle) and a reactor unit 
(right) 
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® 
® 
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Figure IV:7 
Reaction vessel for solid phase synthe-
sis. Filling of the reaction vessel via the 
inlet tube, by suction at the top (b); 
rotation position during the reaction (c) 
and draining of the reaction vessel (d) 
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8? 
Figure IV:8 
The Schwarz BioResearch Automated Peptide Synthesizer (Organon International BV, Research and Development Laboratories ) 
To use this apparatus in a synthetic project, each treatment of the planned 
procedure is broken down into a small number of basic functions (generally 
four), such as 
a) Filling a metering vessel to a fixed level 
b) Transport of a liquid from a metering vessel to the reactor 
c) Agitation of the reactor 
d) Draining the reactor 
For all these basic functions a particular choice must be made from a number 
of different possibilities, e g from which reagent reservoir a metering vessel 
has to be f i l led, from wh ch metering vessel liquid has to be transported to 
the reactor, how long the reactor has to be agitated etc 
The list of ' address al locations" of the apparatus gives symbols (such as @, 
capitals and ciphers) in connection with the corresponding 'address" for all 
these detailed functions in the programme The who'e procedure is coded by 
means of these symbols on a punched tape, which is read in the control unit 
As an example the code of the f irst "treatment ' washing the starting resins 
(Boc-glycyl polymers, present in the reactor) with acetic acid for 5 minutes, is 
coded as @039, 
@ fill metering vessel В to level 3 with the liquid from flask 00 
(acetic acid), 
0 transport the liquid from В into the reactor, 
3 agitate the reactor for 5 minutes, 
9 dram the reactor in the normal way 
In the fol lowing synthetic programmes the complete codes used in the five 
subsequent couplings have been given, together with a short description of 
the correspond.ng treatments The progress of the procedure during the 
operation of the apparatus can be read from the function counter and the 
function display (giving the address of the function in execution, e g for @039 
00, 60, 63, 71 respectively) 
Syntheses of the hexapeptide resins 
The syntheses were started from 4 75 g of Boc-Gly-0-[Esm]-(P)Fo and from 
2 18 g of B o c - G l y - 0 - [ M ] - ( P ) a (0 46 mmole of Gly/g of resin) each yielding a 
total of 1 0 mmole of polymer-bound glycine (both type of supports hereafter 
being abbreviated as RESIN) 
The reagent reservoirs containing the solutions of the ammo acid derivatives 
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or DCC were filled with an excess of these solutions to prevent air, nitrogen 
or other vapours entering the connecting lines. 
As can be seen from the synthetic programme vessel 05 was filled with the 
deprotectmg agent. CH3COOH (38.65 ml), HCOOH (30 ml) and BF3. OEt2 
(6.35 ml, 50 mmoles), vessel 07 with 80 ml of 10% DIEA in CH2CI2. The con­
tents of these vessels were always freshly prepared before each elongation 
step. For the amounts of Boc ammo acids and DCC used, see the in­
dividual synthetic programmes. The levels of the metering vessel chosen 
were: /: 6.5 ml, 2: 13.5 ml and 3: 28 ml. 
Boc-Trp-Gly-O-RESIN 
Function 
no. 
1 -
5 -
1 5 -
2 3 -
2 7 -
31 -
3 5 -
4 3 -
51 -
5 5 -
6 3 -
6 6 -
7 0 -
7 4 -
7 8 -
8 6 -
8 9 -
9 3 -
9 7 -
101 -
1 0 9 -
1 1 2 -
1 1 7 -
1 2 1 -
1 2 5 -
133 
4 
14 
22 
26 
30 
34 
42 
50 
54 
62 
65 
69 
73 
77 
85 
88 
92 
96 
100 
108 
111 
116 
120 
124 
132 
Code 
@039 
E0439 E0439 
@029 @029 
B139 
D139 
B139 
G149 
B139 
DI 39 
BI 39 
0 1 4 
K179 
B139 
1139 
B139 
0 1 4 
K179 
B139 
1139 
B139 
0 1 4 
Κ1779 
B139 
1139 
B139 
< 
G149 
B139 
BI 39 
BI 39 
B139 
1 
BI 39 
Treatment 
HOAc, 1 x 5 min 
BF3. OEt 2 /HOAc/HCOOH 
HOAc, 2 x 2 mm 
CH 2 CI 2 , 1 χ 5 mm 
t-BuOH - C H 2 C I 2 (95 - 5), 
C H j C l j , 1 x 5 m i n 
10% DIEA in CH 2 CI 2 , 2 χ 
CI-I2CI2, 2 x 5 mm 
t-BuOH - C H 2 C I 2 (95 - 5), 
C H . C L , 2 x 5 mm 
, 2 χ 
1 x 5 
15 mm 
min 
10 min 
1 x 5 
Boc-Trp-OH in C H j C L - DMF, 
D C C in СН,С12, 2 hours 
CH 2 CI 2 , 1 χ 5 mm 
EtOH, 1 x 5 mm 
C H , C I „ 2 x 5 mm 
Boc-Trp-OH in C H 2 C L - D M F , 
D C C in CH 2 CI 2 , 2 hours 
CH 2 CI 2 , 1 x 5 mm 
EtOH, 1 x 5 min 
C H , C L 2 x 5 min 
Boc-Trp-OH in C H . C L - D M F , 
D C C in CH 2 CI 2 , 4 hours 
CH 2 CI 2 , 1 x 5 mm 
EtOH, 1 x 5 mm 
CH 2 CI 2 , 2 x 5 mm 
STOP 
ι mm 
10 mm 
10 mm 
10 mm 
Reser­
voir 
00 
05 
00 
02 
04 
02 
07 
02 
04 
02 
17 
13 
02 
11 
02 
17 
13 
02 
11 
02 
17 
13 
02 
11 
02 
— 
Level 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
— 
In each coupling step 2 equiv. of Boc-Trp-OH and DCC were used. Reservoir 
17 was therefore filled with 2.43 g of Boc-Trp-OH (8 mmoles) dissolved in 
68 
48 5 ml of CH2CI2 + 5 5 ml of DMF and reservoir 13 with 2 06 g of DCC 
(10 mmoles) dissolved in 32 5 ml of CH2CI2 The reaction time for functions 
1 -54 was 102 minutes and for 55- 133 was 10 hours (in total, 11 hours and 
42 minutes) 
Analysis Boc-Trp-Gly-O-RESIN 
T L C see section IV-1-3-2, table IV,2 
IR see section IV-1-3-2, figures IV 3 b and IV 4 b 
Boc-Arg-(N02)Trp-Gly-0-RESIN 
Function 
no 
1 - 54 
5 5 - 62 
6 3 - 65 
6 6 - 70 
71 - 78 
7 9 - 82 
8 3 - 90 
91 - 93 
9 4 - 9 8 
99-106 
107-110 
111 -118 
119-121 
122-127 
128-135 
136-143 
144-151 
152 
Code 
see foregoir 
B139 B139 
014 
К1679 
L149 L149 
1149 
BI39 B139 
014 
K1679 
L149 L149 
1149 
B139 BI 39 
014 
K16779 
L149 L149 
1149 I149 
B139 B139 
< 
Treatment 
ig synthetic programme 
CH2CI2, 2 x 5 mm 
Boc-Arg(N02)-OH in DMF-
10 mm 
DCC in CHjCI^ 3 hours 
DMF-CH 2 CI 2 , 2x10 mm 
EtOH, 1 x lO mm 
CH2CI2, 2 x 5 mm 
Boc-Arg(N02)-OH in DMF-
10 mm 
DCC in CH2CI2, 3 hours 
DMF-CH 2 CI 2 , 2 x 1 0 mm 
EtOH, 1 x10 mm 
CH2CI,, 2 x 5 mm 
Boc-Arg(N02)-OH in DMF-
10 mm 
DCC in CH2CI2, 5 hours 
DMF-CH 2 CI 2 , 2 x 1 0 mm 
EtOH, 2x10 mm 
CH?CI2, 2 x 5 mm 
STOP 
-CH2CI2, 
-CH2CI2, 
•CH2CI2, 
Reser­
voir 
02 
17 
13 
14 
11 
02 
17 
13 
14 
11 
02 
17 
13 
14 
11 
02 
— 
Lev 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
— 
For each coupling step 2 equiv. of Boc-Arg(N02)-OH and 2 equiv of DCC 
were used. For this purpose reservoir 17 was filled with 2 73 g of Boc-
Arg(N02)-OH . % EtOAc (8 mmoles) dissolved in 24 ml of DMF + 30 ml of 
CH2CI2 and reservoir 13 with 2 06 g of DCC (10 mmoles) dissolved in 32 5 ml 
of CH2CI2 The reaction time needed for functions 1 - 54 was 102 minutes and 
that for 55-152 was 14 hours and 14 minutes (in total, 15 hours and 56 minutes) 
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Analysis Boc-Arg(N02)-Trp-Gly-0-RESIN 
T.L.C, see section IV-1-3-2, table IV,2 
IR. see section IV-1-3-2, figures IV:3 с and IV:4 с 
Boc-Phe-Arg(N02)-Trp-Gly-0-RESIN 
Function 
no. 
1 -
5 5 -
6 3 -
6 6 -
71 -
7 9 -
8 3 -
91 -
9 4 -
102-
110-
118-
126 
54 
62 
65 
70 
78 
82 
90 
93 
101 
109 
117 
125 
Code 
see before 
B139 B139 
014 
K1779 
B139 B139 
1149 
B139 B139 
014 
K1777769 
B149 B149 
1149 1149 
B139 B139 
< 
Treatment 
CH2CI2, 2 x 5 mm 
Boc-Phe-OH in CH2CI2, 
DCC in CH2CI2, 4 hours 
CHXI 2 , 2 x 5 mm 
EtOH, 1 x10 mm 
CH2CI2, 2 x 5 min 
Boc-Phe-OH in CH2CI2, 
DCC in CH2CI2, 9 hours 
CHXI 2 , 2x10 mm 
EtOH, 2x10 mm 
CH CU, 2 x 5 mm 
STOP' 
10 mm 
Reser­
voir Level 
02 
17 
13 
02 
11 
02 
17 
13 
02 
11 
02 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
In each of the two coupling steps 2 equiv. of Boc-Phe-OH and 2.2 equiv. of 
DCC were used. Reservoir 17 was therefore filled with 1.59 g of Boc-Phe-OH 
(6 mmoles) dissolved in 40.5 ml of CH2CI2 and reservoir 13 with 1.81 g of 
DCC (8.8 mmoles) dissolved in 26 ml of CH2CI2. The reaction time needed for 
functions 1 -54 was 102 minutes and that for 55-126 was 15 hours and 7 
minutes (in total, 16 hours and 49 minutes). 
Analysis Boc-Phe-Arg(N02)-Trp-Gly-0-RESIN 
T.L.C, see section IV-1-3-2, table IV,2 
I.R. see section IV-1-3-2, figures IV:5 a and IV:6 a 
Boc-HisíDnpJ-Phe-ArgíNOO-Trp-Gly-O-RESIN 
Treatment Function 
no. 
1 - 54 
5 5 - 62 
6 3 - 65 
6 6 - 71 
7 2 - 79 
Code 
see before 
B139 B139 
014 
K17769 
LI49 LI 49 
CH2CI2, 2 x 5 mm 
Boc-His(Dnp)-OH in DMF-
10 mm 
DCC in CH2CI2, 5 hours 
C H X L - D M F , 2x10 mm 
CH2CI2 
Reser-
voir 
02 
17 
13 
14 
Level 
70 
Function 
no 
8 0 - 83 
8 4 - 87 
8 8 - 95 
9 6 - 98 
99-106 
107-114 
115-118 
119-126 
127-134 
135 
Code 
B139 
I149 
B139 B139 
014 
K1777769 
L149 LI49 
B139 
1149 1149 
B139 B139 
< 
Treatment 
CH2CI2, 1 χ 5 mm 
EtOH, 1 x10 mm 
CH2CI2, 2 x 5 mm 
Boc-His(Dnp)-OH in DMF-CH 2 CI 2 , 
10 mm 
DCC in CH3CI2, 9 hours 
CH,CI 2 -DMF, 2 x 1 0 mm 
CH„CI2, 1 χ 5 mm 
EtOH, 2x10 mm 
CH,CI2, 2 x 5 mm 
STOP' 
Reser­
voir 
02 
11 
02 
17 
13 
14 
02 
11 
02 
— 
Lev 
3 
3 
3 
2 
1 
3 
3 
3 
3 
— 
In each of the two coupling steps 2 equiv of Boc-His(Dnp)-OH and 2 2 equiv 
of D C C were used For this purpose reservoir 17 was fi l led with 2 82 g of 
Boc-H,s(Dnp)-OH 0 8 /-PrOH (6 mmoles) dissolved in 25 5 ml of C H 2 C I 2 + 
15 ml of DMF and reservoir 13 with 1 81 g of D C C (8 8 mmoles) dissolved in 
26 ml of C H J C I J The reaction time for the functions 1 - 5 4 was 102 minutes 
and that for 5 5 - 135 was 16 hours and 29 minutes (in total, 18 hours and 11 
minutes) 
Analysis Boc-His(Dnp)-Phe-Arg(N02)-Trp-Gly-0-RESIN 
T L C see section IV-1-3-2, table IV,2 
IR see section IV-1-3-2, figures IV 5 b and IV 6 b 
Z-Glu íOBu'J-His íDnpJ-Phe-ArgíNOjJ-Trp-Gly-O-RESIN 
Function 
no 
1 - 54 
5 5 - 62 
6 3 - 65 
6 6 - 71 
7 2 - 79 
8 0 - 83 
8 4 - 9 1 
9 2 - 94 
95-101 
102-109 
110-117 
118-125 
126 
Code 
see before 
B139 B139 
014 
K17759 
B139 B139 
1149 
B139 B139 
014 
K177769 
B149 B149 
1149 1149 
B139 B139 
< 
Treatment 
CH2CI2, 2 x 5 mm 
Z-Glu(OBu<)-OH in CH,CL 
DCC in CH.CL 4 5 hours 
CH.CI2, 2 x 5 mm 
EtOH, 1 χ 10 mm 
CH,CI2, 2 x 5 mm 
Z-Glu(OBu')-OH m 
DCC in CH2CI2, 7 h 
CH,CI2, 2 χ Ί θ mm 
EtOH, 2x10 mm 
CH„CI21 2 x 5 mm 
STOP 
CH2CI2, 
lours 
10 mm 
10 mm 
Reser­
voir 
02 
17 
13 
02 
11 
02 
17 
13 
02 
11 
02 
— 
Lev 
3 
2 
1 
3 
3 
3 
2 
1 
3 
3 
3 
— 
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For each coupling step 2 equiv of Ζ-ΟΙυ(ΟΒυ')-ΟΗ and 2 2 equiv of DCC 
were used Reservoir 17 was filled with 2 03 g of Ζ-ΟΙυ(ΟΒυ')-ΟΗ (6 mmoles) 
dissolved in 40 5 ml of CH2CI2 and reservoir 13 with 1 81 g of DCC (8 8 mmoles) 
dissolved in 26 ml of CH2CI2 The reaction time for functions 1 -54 was 102 
minutes and that for 55-126 was 13 hours and 37 minutes (in total, 15 hours 
and 19 minutes) 
Analysis Z-Glu(OBu')-His(Dnp)-Phe-Arg(N02)-Trp-Gly-0-RESIN 
T L C see section IV-1-3-2, table IV,2 and figure IV 2 
IR see section IV-1-3-2, figures IV 5 с and IV 6 с 
When the syntheses were carried out according to the foregoing synthetic 
programmes, both the Mernfield resin and the ß-sulphone resin yielded about 
1 mmole (1231 mg) of the polymer-bound protected hexapeptide Neglecting 
the interruptions for analyses of samples the whole programme (667 functions) 
was completed in about 78 hours 
MONITORING OF THE SOLID PHASE SYNTHESES 
The manual synthesis 
Samples of the peptide resin taken during the manual synthesis were used 
for T L C without pretreatment For I R spectroscopy the resin samples were 
dried in high vacuum For T L C analysis the peptide derivatives were 
cleaved from the support for 3 minutes with the 0 1 N dioxan - methanol -
4 N NaOH cleaving reagent, described in chapter II 
The automated syntheses 
Samples (50 to 60 mg), withdrawn from the reactor vessel after each elongation 
step, still contained dichloromethane Therefore these samples were sub-
sequently washed with CH2CI2, CH2CI2 - MeOH and MeOH and dried in high 
vacuum and afterwards analysed by Τ L С and I R spectroscopy For T L C 
analysis 10 mg resin samples were taken and the peptide derivatives were 
cleaved, for 3 or 15 minutes as indicated in table IV,2 As is seen in this 
table, some samples were cleaved with the 0 1 N cleaving reagent, in other 
cases a 0 03 N reagent of the following composition 
dioxan 7 5 ml J 
methanol 2 4 ml / 0 03 N NaOH 
3 N NaOH 0 1 ml ) 
was used 
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CHAPTER V ISOLATION OF THE PARTIALLY PROTECTED 
HEXAPEPTIDES FROM THEIR SOLID SUPPORTS 
V-1 CLEAVAGE PROCEDURES AND PURIFICATION OF THE 
PRODUCTS 
V-1-1 INTRODUCTION 
In view of our experience of the three solid phase syntheses which were 
described in the foregoing chapter, only the two hexapeptide resins which had 
been obtained by the automated solid phase technique were used for the 
isolation of the partially protected hexapeptides. 
V-1-2 CLEAVAGE OF THE Dnp GROUP 
Although the method ultimately chosen for cleavage of peptides from the 
supports also leads to removal of the imidazole protecting Dnp group, as was 
found by us (see chapter IV) and other investigators C1), deprotection of the 
imidazole moiety preliminary to the cleavage from the supports was never-
theless preferred 
In this way quantitative scission of the protecting group could be guaranteed, 
and the liberated Dnp derivative could be separated from the remaining 
peptide resins by simple washings. 
Specific cleavage of Dnp groups from imidazole residues or other peptide 
side-chains (e g. Cys) is generally achieved by thiolysis, introduced for this 
purpose by Shaltiel (2) in 1967 
Chillemi and Mernfield (3 4) applied this method to a His(Dnp)-contaming 
peptide, synthesized on a resin, by dissolution of the peptide after cleavage 
from the support in a sodium carbonate solution of pH 8 and treatment of the 
solution with 2-mercaptoethanol This procedure was also followed by Rivalile 
and Milhaud (5). 
Polzhofer and Ney (6) described the cleavage of the Dnp group with 2 equi-
valents of dithiothreitol at pH 8 
According to Losse and Krychowski (7) several other nucleophilic detachments 
can be used, e g hydrazinolysis or methanolysis However, with 2 N 
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NaOH/dioxan (1 : 1) no cleavage of Dnp groups was observed, even after two 
hours. 
Shaltiel and Fndkin (B) investigated the pH- and solvent-dependence of the 
thlolysis of the Dnp-imidazole bond, using 1000 moles of 2-mercaptoethanol/ 
mole of Dnp derivative, in aqueous as well as in non-aqueous solutions by 
monitoring the cleavage spectrophotometncally. They ascertained that optimum 
results in aqueous solutions were obtained at pH 8, and found that DMF is 
a good, whereas dioxan is a bad solvent for the cleavage reaction. 
W e tested the usefulness of two reagents for the cleavage of the Dnp group: 
A. Dioxan/DIEA/HS-CH2-CH2-OH 
(7.2 : 0.8 : 2) (v/v) 
B. Thiophenol/DMF 
(1 : 9) (v/v) 
The dioxan used as the swelling component in reagent A was carefully freed 
from peroxides, to prevent oxidation of the thiol component. The DMF used 
as solvent in Б was freed from amines to prevent possible cleavage from the 
resin. 
The reagents were applied to samples of the hexapeptide resins containing 
equivalent amounts of Dnp. On account of the higher incorporation value of 
the "Merr i f ie ld resin" compared with the "ß-sulphone resin" (see chapters II 
and IV) it could be calculated that 100 mg of the ß-sulphone resm-bound 
hexapeptide were equivalent to 55 mg of the Merrif ield resin-bound hexapep-
tide, both amounts containing 17 ц т о і е з of Dnp derivative. 
For these amounts 5 ml of reagent A or 2.5 ml of reagent S were used. The 
resin suspensions so obtained were agitated for 30 minutes, then f i l tered and 
the remaining resins washed and dried. 
Percentages of cleavage were derived from thin-layer chromatographical 
analysis of the filtrates and of the hexapeptide derivatives obtained after 
cleavage from the remaining resins (table V,1). 
Reagent В 
[EsmHP) [ М Н Р ) 
30 30 
143 143 
100% 100% 
0 % 0 % 
Table V,1 
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Reagent A 
Cleavage of the Dnp group
 { Έ . ^ Η 9 ) ^ - ( Ρ ) 
Cleavage time (min) 30 30 
Molar excess (thiol) 835 835 
Cleavage Dnp group 3 0 % 3 0 % 
Scission of the hexapeptide 
from the resin 0 % 0 % 
Transmittance(7.) 30 40 50 60 70 80 90 10 Microns V, 
100 
80 
60 
40 
ZO 
100 
80 
60 
(.0 
20 
100 
80 
60 
LQ 
ZO 
100 
80 
60 
ί,Ο 
20 
"Z-GMOBu'l-HisIDnpl-Phe-Argl^l-rrp-Gly-O-fsm]-®^ 
I I I I I I I 1 I I I . I I I I I I I ' J-U L 
Z-Glu (OBu' )-His-Phe -Arg ( N0 z )-Trp-Gly-O-[Esm]-(p) F O 
ι ι ι Ι Ι ι ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' 1 L 
ι Ι ι Ι ι 
Lm 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 
Frequency (cm" 1 ) 
Figure V:1 
Infrared spectra before and after cleavage of the Dnp group from the hexapeptide resins 
obtained via automated solid phase syntheses Relevant characteristic absorptions are 
indicated by arrows. 
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It appeared that cleavage by reagent A is very incomplete, but that reagent 
В is a suitable reagent 
As was simultaneously found by Lin et a/. (9) thiophenol met the requirements 
for cleavage of Dnp groups from resin-bound peptides much better than 
2-mercaptoethanol. Moreover, these workers reported that a much smaller 
excess (10 moles/mole of Dnp derivative) of the reagent appeared sufficient, 
provided the concentration was sufficiently high 
The cleavage of the Dnp moiety was also monitored by I R. spectroscopy 
The effect of the cleavage of the Dnp group on the infrared spectra of the 
hexapeptids resms can be seen m figure V-1, which shows spectra of both 
hexapeptide resins before and after treatment with reagent S. 
Removal of Dnp groups appears from the decreased absorptions at· 
ν = 1540-1560 cm·1 ^ C-N02 
ν = 1340-1350 c m 1 ^ C-N02 
ν = 1070 - 1080 cnv1 Im-Dnp 
ν = 960 - 970 cm 1 Im, -C-H 
and the disappearence of the peak at· 
ν = 835 - 840 cm·1 Dnp, -C-H 
V-1-3 DEGRADATION AND RACEMIZATION OF THE PEPTIDES DURING 
SCISSION FROM THEIR SOLID SUPPORTS 
Degradation and transpeptidation during the cleavage procedure 
As already mentioned in chapter IV, some degradation is observed, par­
ticularly in the hexapeptide stage, during cleavage of the peptides from the 
resin with the 0 1 N cleaving reagent 
In order to examine the behaviour of the partially protected hexapeptide 
towards the reagent, 4 mg of the free hexapeptide and its methyl ester were 
each dissolved m 1 ml of the reagent, and aliquots were taken after various 
time intervals and analysed by Τ L.C. 
The results are shown m figure V:2. 
As can be seen from figure V:2, the first degradation product of the hexa­
peptide arises rather rapidly (after 2.5 to 5 mm). Moreover the methyl ester 
of the hexapeptide is rapidly hydrolysed by the reagent (within 2.5 mm), 
wherupon the same degradation pattern anses as m the case of the free 
acid. Eventually degradation leads to the pattern of OMe, 6 (after 100 min). 
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j OH ^ M / OMe ^ 
1 2 3 4 5 
ι — ι — ι — ι — I 
0 1 6 3 4 5 
ι — ι — ι — ι — ι — I 
Figure V:2 
T.L.C, of Z-Glu(OBu<)-His-Phe-Arg(N02)-Trp-Gly-OH and its methyl ester after dis­
solution in the 0.1 H cleaving reagent. 
Samples 0 - 6 are taken after 0, 2.5, 5, 10, 20, 40 and 100 minutes, respectively. 
(M = cleavage pattern of the ß-sulphone resin-bound hexapeptide obtained after the 
manual solid phase synthesis.) 
The chromatogram was developed in system D; detection UV RH. 
Experiments with cleaving reagents of lower basicity showed that the ap-
pearance of degradation products could be delayed to 10 minutes with 0.04 Л/ 
reagent and to 15 minutes with a 0.03 Ы reagent. At the same time, however, 
the ratio between ester and acid became higher (and rather time-independent) 
on reducing the basicity of the reagent, and the cleavage became incomplete. 
With 0.02 or 0.01 A/ reagents only scanty cleavage was observed which stop­
ped completely after a few minutes. 
For these reasons the 0.1 Ы cleaving reagent remained preferred for the 
cleavage from both types of supports, provided that the cleavage time was 
confined to 3 minutes. When the scission was still incomplete within this 
cleavage time the cleavage procedure was repeated. 
In this way liberated peptides never remained longer than 3 minutes in the 
cleaving reagent. 
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Diagram V.I 
The lower Rf-value of the f irst degradation product might point to the lib­
eration of an additional carboxyl group, e.g as a consequence of transpep-
tidation at the С1и(ОВи1) residue. 
Transpeptidation reactions of glutamyl peptides in alkaline solutions have 
been discussed by Nitecki and Goodman ( 1 0 ), and were more recently ob­
served during saponification of СІи(ОВи')-сопІаіпіпд peptides by Ohno and 
Anfmsen C11), and by Rydon et al ( 1 2 · 1 3 ) . 
Ondetti et al. ( u ) as well as Bernhard et al. ( 1 5 ), investigating Asp-containing 
peptides found that transpeptidation is strongly dependent on the ammo 
acid sequence, and it appeared that the Asp-Ser sequence, present m many 
enzymes, was very sensitive to transpeptidation. 
A similarly high sensitivity for transpeptidation of the a-ACTH-(5-10)-hexa-
peptide derivative in our case might be due to the presence of the Glu-His 
sequence 
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A tentative mechanism is given in diagram V . I , in which the imidazole group 
of the L-histidme residue plays a similar catalytic role as in various enzymes 
e.g. in the hydrolysis of esters (1 6 ' 1 7 ) . 
In order to test this supposit ion we investigated the occurence of transpep-
tidations in some simple GlufOBuO-contaimng model peptides on treatment 
with the 0.1 N basic cleaving reagent W e found that simple addition of 
imidazole to this reagent never induced or accelerated transpeptidations. 
A model peptide containing the СІи(ОВи*)-Ніз sequence showed, however, 
substantial "degradat ion", which led to a product with an Rf-value lower than 
that of the model peptide, and approximately equal to that of the product 
obtained by cleavage of the tert-butyl group from the model peptide with TFA. 
Protection of the imidazole moiety by the Dnp group does not prevent such 
alkaline degradation because the alkaline reagent splits off the protecting 
group preliminary to the transpeptidation. 
Racem/zat/on during the cleavage procedure. 
The possibil ity of racemization may be a second complication of the alkaline 
cleavage method. 
Hano et al. (1 β) and Lande and Lerner (19) studied racemization of a-melano-
tropm fragments (which correspond to the a-ACTH-(5-10)-hexapeptide) during 
exposure to alkali for various time intervals. 
Hano et al. submitted the all-L (6-10)-pentapeptide to the alkaline treatment 
at 100° С for 1 0 - 6 0 minutes. They found no cleavage of peptide bonds, but a 
quarter of the Arg residues was converted into Orn. The ammo acids His, Phe, 
Arg and Trp, however, were racemized to different degrees during the treat­
ment. 
Lande and Lerner also found that little, if any, degradation or alteration of the 
peptides occurred during exposure of a-MSH fragments to 0.1 N alkali at 
60° C. However, already after 10 minutes substantial racemization was found, 
particularly with His6 and A r g 8 (about 20%). 
For the hydrolysis of the a-ACTH-(5-10)-hexapeptide methyl ester, Schwyzer 
and Kappeler (2 0) used a 0 066 N NaOH solution for 15 minutes at room tem­
perature. The hexapeptide obtained in this way yielded, after further fragment 
condensations, an active ACTH analogue. 
In v iew of these data the possibil ity of racemization appeared to be a second 
reason to minimize the time that the hexapeptide is exposed to the alkaline 
cleaving reagent, and to carry out the cleavage as far as possible without 
heating. 
Cleavage at room temperature for a maximum of 3 minutes seems therefore 
to be a very useful procedure. 
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V-1-4 CLEAVAGE AND PURIFICATION OF THE HEXAPEPTIDE 
V-1-4-1 PERFORMANCE OF THE CLEAVAGE 
The cleavage of the peptides from the solid supports was effected with 1000 
mg of the [Esm]-(P)- and 550 mg of the [M]-(P)-hexapeptide resin, so that 
equal amounts of resin-bound peptide (0 17 mmole) were cleaved (see section 
V-1-2) 
After removal of the Dnp group as described above the remaining resins were 
washed and dried, and placed in 100 ml conical flasks 25 ml of the 0 1 N 
cleaving reagent (0 25 mequiv of base, / e 14 7-fold molar excess) were added 
and the suspensions were stirred magnetically 
After 3 minutes the reaction was interrupted by the addition of 25 ml of con-
centrated acetic acid After fi l tration, washing with methanol and drying, a 
small sample of the residual resin was taken for infrared analysis and the 
remainder was again subjected to the same cleavage procedure (see experi-
mental part) 
In total the cleavage procedure was carried out four times 
The I R spectra of the resins after each of the four subsequent treatments 
with the cleaving reagent are shown in figures V 3 and V 4 
The fi ltrates containing the liberated peptide were separately evaporated in 
vacuo, and after dissolution of the residues in methanol the peptide products 
could be crystall ized by the addition of water 
With other samples of both resins a similar cleavage procedure was performed 
in which agitation during the cleavage reaction was greatly increased 
The yields of the various cleavage experiments are given in table V,2 The 
values include both free acid and the corresponding methyl ester, if present 
Cleavage 
step 
1st 
2nd 
3rd 
4th 
Total 
Low agitation rate 
[EsmKP) [M]-(P) 
105 1 mg 67 5 mg 
14 4 mg 36 6 mg 
28 8 mg 
4 6 mg 
1195 mg 1375 mg 
High ag 
[Esm]-(P) 
1195 mg 
2 3 mg 
121 8 mg 
itation rate 
[M]-(P) 
97 7 mg 
26 9 mg 
8 7 mg 
4 0 mg 
137 3 mg 
Table V,2 
The products obtained were analysed by thin-layer chromatography The 
chromatograms are reproduced in figure V 5. 
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Transmittance('/.)3 0 ¡,Q 50 60 70 80 90 10 Microns H 
tOOO 3S00 3000 2500 2000 1800 1600 UOO 1200 1000 800 
Frequency ( cm-
Figure V:3 
Infrared spectra obtained from the [Esm]-(P) - support after each of the four subsequent 
cleavage steps, with rapid agitation. 
Relevant characteristic absorptions are indicated by arrows. 
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Frequency ( c m - 1 ) 
Figure V:4 
Infrared spectra obtained from the [M]-(P) - support after each of the four subsequent 
cleavage steps, with rapid agitation 
Relevant characteristic absorptions are indicated by arrows 
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Figure V:5 
T.L.C, of the peptide derivatives obtained by the four successive cleavage steps (1 -4). 
L.a.r.: products obtained using a low agitation rate, H.a.r.: using a high agitation rate. 
1A, 2A represent the mother liquor fractions of the 1st and 2nd cleavage step. M = 
M e m f i e l d resin, S = ß-sulphone resin. 
Chromatogram a was developed In system D, b In system F, detection UV 
and RH. 
254' U 350 
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It can be seen from the figure that all peptide fractions show, in broad 
outline, a similar pattern. 
However, increasing the agitation rate lowers the content of methyl ester, 
particularly in the case of the ß-sulphone resin. 
The chromatographical data, Rf-values and response to the detection methods 
(i.e. UV254+, UV350+, RH+) were the same for all the fractions. 
Therefore measurement of the specific rotations and determination of the 
melting points (as will be described in section V-1-4-3) are still required in 
order to prove that the peptide fractions obtained after the subsequent 
cleavage steps are identical and fully agree with the reference compound. 
The following conclusions can be drawn from these data: 
1) Repetition of the cleavage step always liberates product mixtures of 
similar composition. 
Apparently transpeptidation or degradation, as observed with free peptides 
in alkaline solution, does not occur as long as the peptides are bound to 
a solid support. 
2) Cleavage from the ß-sulphone resin occurs more easily than from the 
Merrifield resin. At sufficiently high agitation rates, cleavage from the 
ß-sulphone resin is already nearly complete after one treatment, whereas 
the Merrifield resin requires three cleavage steps (see table V,2). 
The I.R. data m the figures V:3 and V:4 point in the same direction. In con-
tradistinction to the Merrifield resin, the I.R. spectra obtained from the 
ß-sulphone resin after the 2nd, 3rd and 4th cleavage step show no further 
significant alterations. 
In order to get some insight into the course as well as into the mechanism 
of the detachment, the I R. spectra of the remaining supports were com-
pared with those of the unsubstituted resins (chapter II). 
In the case of the ß-sulphone resin it appears that the relative intensities 
of the absorptions at 3400 cm"1 are very similar, indicating that only very 
few residual fragments have been left at the OH groups of the starting resin. 
In addition it can be seen from the 1700-1800 cm-1 regions that the formyl 
groups (introduced for blocking the free OH groups after the introduction 
of the first amino acid) are completely removed during the cleavage 
procedure. 
Small differences between the residual support and the unsubstituted resin 
can be observed at 1610- 1680 cm 1 and 1250-1280 cm1 . 
The absorption at 1610-1680 cm'1 might indicate that a few probably in-
complete peptide chains have been left, presumably at less accessible 
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positions on the resin. On account of the absence of urethane absorptions, 
however, it might be concluded that these peptide chains have lost their 
N-termmal protecting group during the deprotection steps. 
The weak absorption at 1250-1280 cm'1 in the residual resin suggests 
some methoxyl groups bound to the anchoring chains instead of OH 
functions. 
The Mernf ield resin shows a larger difference before and after use, be-
cause of the ultimate substitution of the chlorine by the hydroxyl group 
(peaks at 3560 and 3400 cm 1 ) . 
In the region 1610-1740 cm"' the same pattern is obtained as with the 
P-sulphone resin, pointing to the same amide absorption by free but badly 
accessible peptide chains. 
The presence of methoxyl functions in the residual resin cannot be dem-
onstrated with certainty, although their presence is suggested, by the 
weak absorptions at 1265, 1110 cnr1 and 1000- 1020 c m 1 . 
3) The formation of the methyl ester is more pronounced at low agitation 
rates; apparently transesterif ication occurs even without stirring the resin 
suspension. 
Beyerman (21), who used the transesterif ication reaction for cleavage of 
peptides from the Merrif ield resin, found also that swelling was super-
fluous for this reaction. 
The influence of the agitation rate is illustrated by figure V:6. At low 
agitation rates [BJmtern < [B]extern 
The difference in concentrations between the "micro environment" and the 
Low agitation High agitation 
-CHjO" *·—CHjtT 
Micro environment 
( diffusion layer) 
Figure V:6 
Outside the "micro environment" the transport is mechanical, whereas inside this 
region transport is by diffusion only. 
A pH differential exists across the micro environment. 
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bulk solution has already been observed for enzymes bound to solid sup-
ports by Levin et al (22) and Hornby et al (23) 
Investigations concerning this phenomenon with substituted and unsub-
stituted resins used in the solid phase technique, carried out by Losse (24) 
and Fankhauser and Brenner (25), proved also this difference in concen-
tration of reagents as a consequence of the permeation problem 
At higher agitation rates the pH of the micro environment rises because 
the diffusion mantle becomes thinner, so that the "local pH" of the resin 
particle deviates less from that of the solution Apparently under these 
circumstances the formation of the free acid is preferred 
Enhancement of the agitation rate also d.mimshes the difference in results 
obtained with the two different supports, as can be seen from table V,2 
The larger difference at low agitation rates suggests that transestenfication 
is easier with the ß-sulphone resin 
V-1-4-2 CLEAVAGE MECHANISM 
Results of Τ L С analysis of the consecutive peptides obtained m the auto­
mated synthesis (chapter IV) suggest some relationship between the length 
of the peptide chain and the ester/acid ratio of the product mixture 
Especially with the ß-sulphone resin the ratio decreases with increasing chain 
length 
To substantiate a similar relationship more clearly for the Mernfield resin 
various long-chain peptide resins were subjected to treatment with the cleaving 
reagent A tetrapeptide with L-phenylalanme as the C-termmal ammo acid 
bound to the Mernfield resin yielded mainly the free acid (ca 80%) after 
cleavage with the 0 1 N reagent for 3 minutes With similarly resin-bound 
hepta-, octa-, nona- and decapeptides containing the C-terminal LH-FSH/RH 
sequence (26), an ever-decreasing amount of methyl ester was indeed ob-
tained 
To get more insight into the individual roles of the CH30— and OH— ions, 
several cleaving reagents (A, - B2), varying in base concentration and 
swelling capacity, but not containing OH— ions, were investigated 
A, 7 5 ml d oxan ) A2 7 5 ml dioxan J 
0 5 ml methanol \ 0 1 N 1 9 ml methanol > 0 03 N 
2 ml 05 N NaOCHj \ 06 ml 05 N ІМаОСНз ) 
B, 8 ml methanol ) B2 9 4 ml methanol ) 
2 ml 0 5 N МаОСНз \ 0 6 ml 0 5 N NaOCHj \ υ υ ο ' v 
Both types of hexapeptide resins were subjected to these reagents, 10 mg 
resin sample and 0 25 ml of a cleaving reagent being used in each case 
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Liberation of peptides by ß, and S2 (not containing the swelling component) 
is very small during the short cleavage times generally employed (3 mm). 
Cleavage could only be observed with S, m the case of the ß-sulphone resin, 
using a cleavage time of 15 minutes, and gave a product ratio OMe/COOH 
of 70 30 
This result demonstrates again that transestenfication can occur without 
swelling of the resin, and is easier with the ß-sulphone resin than with the 
Mernfield resin. 
With the reagents A1 and A2 containing dioxan as a swelling component, much 
better cleavage was obtained. 
Some characteristic results are given in table V,3 
Reagent Ester/acid ratio 
3 mm 15 mm 
[EsmHP)" [МИР) [EsH-(P) [M]-(P) 
A, 30/70 50/50 20/80 50/50 
A2 — — 60/40 70/30 
Table V,3 
It appears that these reagents, free of hydroxyl ions, gave much more ester 
than the usual reagent, containing aqueous NaOH In addition, it appears that 
treatment of the ß-sulphone resin-bound hexapeptide yields less ester than 
treatment of the corresponding peptide resin of the Mernfield type 
The scheme given in diagram V 2 might explain these results as well as those 
described previously (chapter IV and section V-1-4-1) 
It is based on the supposition that the CH30— ions penetrate the hydrophobic 
resin better, and participate within the particles more m the cleavage reaction 
than OH— ions, even when [CH30—] is lower than [OH—] 
The contribution of hydroxyl ions in the cleavage reaction concerns mainly 
saponification of the methyl ester, liberated from the resin by CH30— ions and 
present m the solution. 
Formation of acid and ester, even in the absence of hydroxyl ions, is a strong 
indication that cleavage of both types of peptide-resm bonds by CH3O— ions 
occurs in two different ways· by transestenfication and ß-elimmation m the 
case of the ß-sulphone resin, by transestenfication and nucleophihc substitution 
(BAI1) with the Mernfield resin 
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Diagram V.2 
The transesterifications (I) are the mam routes at low base concentrations, 
especially when the peptide chains are short The transestenfication reaction 
requires no swelling or agitation. 
The other modes of cleavage (II) become more important when the "local pH" 
is raised This can be effected by the use of swelling solvents and by stronger 
agitation of the resin suspension In addition lengthening of the peptide 
chains favours these latter cleavage mechanisms . 
Sapomf.cation of the primarily formed methyl ester by the hydroxyl ions (III) 
becomes more important m stronger alkaline reagents, it loses importance 
with the lengthening of the peptide chains because, as is known from classical 
peptide synthesis, esters of longer peptides are hydrolysed more slowly than 
those of shorter chains under similar conditions The saponification reaction 
is independent of swelling and agitation because it occurs only in solution 
V-1-4-3 PROPERTIES OF THE HEXAPEPTIDE 
The specific rotations of all the peptide fractions obtained were determined 
with a Perkm-Elmer P-141 Polarimeter With some fractions measurement was 
difficult because of strong absorption by the solution 
All fractions showed nearly the same rotation value v/z [a] D = 21 5 ± 1 0° 
when measured in dimethylformamide, a value in agreement with that found by 
Schwyzer and Kappeier (20) This suggests that no racemization has taken 
place. 
The melting points for the different fractions also agreed with values from the 
literature (20), being m the range 211 -215° С 
The recovery from equivalent resin samples was, according to table V,2, about 
120 mg of hexapeptide from the ß-sulphone resin and about 137 mg from the 
Mernfield resin 
Theoretically 181 mg (0 17 mmole) could be expected Thus the yields for the 
whole synthesis, starting from the relative Boc-glycyl resins were 66% and 
76% respectively 
To obtain an analytical sample, the peptide fractions had to be further freed 
from apolar by-products, including the methyl ester 
This further purification was done by recrystallization from methanol - water, 
as is described in the experimental section 
Elemental analysis 
For the hexapeptide obtained from the ß-sulphone resin 
C ^ H ^ N ^ O ^ H20 Caled С 56 50 H 6 04 Ν 16 80 
Found С 56 4 Н 6 0 N 1 6 2 
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For the hexapeptide obtained from the Mernfield resin 
C 5 i H 6 3 N i 3 0 i 3 H 2 0 C a l c d С 56 50 H 6 04 Ν 16 80 
Found С 56 8 H 6 0 N 1 6 0 
V-2 EXPERIMENTAL PART 
For details concerning performance of measurements, thin-layer chromato­
graphy and abbreviations used, see appendices А, В, С 
For the synthesis of the hexapeptide resins used, see chapter IV 
CLEAVAGE OF THE Dnp GROUP 
Examination of the two cleaving reagents. 
In order to test the reagents A and В mentioned in section V-1-2, 100 mg of 
the ß-sulphone resin-bound hexapeptide and 55 mg of the corresponding 
Mernfield resin were brought into reaction tubes 
5 ml of reagent A or 2 5 ml of reagent S were added and the mixture was 
agitated with a vortex-mixer After 30 minutes a yellow-red coloured suspen-
sion was obtained and the cleavage was stopped by filtration of the sus-
pension 
Next the resins were washed with three successive 1 5 ml portions of each 
of the following solvents CH2CI2, DMF, CH2CI2 and methanol 
Finally the resin samples were dried in high vacuum and aliquots were taken 
for thin-layer chromatography and infrared spectroscopy Results are given in 
table V,1 and figure V 1 
Sc/ss/ол of the Dnp group with thiophenol/DMF 
In the preliminary investigation described above, it appeared that thiophenol/ 
DMF (1 9) was a suitable reagent for scission of the Dnp group Therefore 
the desired scissions of the Dnp group were carried out with this reagent 
For this purpose 1000 mg of the ß-sulphone resin-bound hexapeptide and 
550 mg of the Mernfield analogue were each brought into 100 ml conical 
flasks 
25 ml of the cleaving reagent were added and the resulting suspensions were 
magnetically stirred for 30 minutes The hexapeptide resins were isolated by 
filtration and treated as described previously 
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CLEAVAGE OF THE HEXAPEPTIDES FROM THE SOLID SUPPORTS 
The Dnp-free hexapeptide resins (containing 0 17 mmole of peptide) were 
again brought into 100 ml conical flasks 
25 ml of the 0 1 N cleaving reagent (composed as described in chapter II) 
were added to each, giving a molar excess of 14 7 The suspensions obtained 
were stirred magnetically for 3 minutes 
In order to stop the cleavage, 25 ml of acetic acid were then added with 
st irr ing, the light yellow-orange solution turned light yel low Next the resin 
was fi ltered and washed with methanol ( 2 x 1 5 ml) The methanol washings 
were added to the fi ltrate 
Before recording an I R spectrum or repeating the cleavage procedure, the 
resins were washed with two successive 15 ml portions of each of the sol­
vents C H 2 C I 2 , DMF, C H J C I J and methanol, and finally dried in high vacuum 
For isolation of the hexapeptide the filtrate was evaporated in vacuo t i l l a 
white residue was left, if necessary some toluene was added to remove the 
last traces of acetic acid 
This residue was dissolved in 10 ml of methanol and crystallization was in­
duced by the addition of 30 ml of water The product was isolated, by fi ltration, 
washed out with methanol - water (1 - 3 ) and dried in high vacuum 
A second batch could be obtained by evaporation of the mother liquor, after 
addition of n-butanol in order to suppress foaming The remaining residue 
could then be crystallized as described. 
The cleavage and isolation steps were carried out eight times with both resins 
For further purification the products obtained after isolation from the solid 
supports were dissolved in methanol - water ( 1 0 - 0 5 ) and heated to 65 - 70° С 
After f i ltration, a clear solution was obtained, to which water of the same 
temperature was added till a light turbidity appeared On slow cooling the 
hexapeptide crystall ized in fine glassy needles 
For the analytical data of the hexapeptides thus obtained see section V-1-4-3 
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CHAPTER VI SYNTHESIS OF THE REFERENCE COMPOUNDS 
VI-1 SYNTHESIS OF THE a-ACTH-(5-10)-HEXAPEPTIDE ACCORDING 
TO CLASSICAL METHODS 
VI-1-1 INTRODUCTION 
In order to test the feasibility of the various couplings m the solid phase 
procedure used, it was desirable to prepare a series of intermediates by 
classical procedures 
By splitting peptides from their solid supports with the reagents described in 
chapter II, they were obtained in part with a free C-termmal carboxyl function, 
and in part as the corresponding methyl esters 
Methyl esters were therefore synthesized as reference compounds They were 
obtained via the stepwise-method, starting with the methyl ester of glycine, the 
C-termmal ammo acid m the a-ACTH-(5-10) sequence 
A reference compound for the pentapeptide Boc-His-Phe-Arg(N02)-Trp-Gly-
OMe (V) was already available m the form of the corresponding N-benzyloxy-
carbonyl derivative It has been demonstrated that this compound shows the 
same Rf-values m our T L C solvent systems as the Boc compound 
The hexapeptide was therefore prepared, using a proven method, from the 
appropriate di- and tetrapeptide (see diagram VI 1) 
Before the various steps and the individual reactions are described m detail, 
three particular aspects of the reaction scheme will be discussed 
The synthesis of the necessary ammo acid derivatives is given in chapter VII 
VI-1-2 SYNTHETIC PROCEDURES 
VI-1-2-1 THE PROTECTING GROUPS EMPLOYED 
Generally, the tert-butyloxycarbonyl group was used for the a-NH2 protection 
of the ammo acid to be added, this is currently the most popular method m 
stepwise synthesis Only for the protection of the N-termmal ammo acid the 
benzyloxycarbonyl group was used, because this is also present in the end-
product obtained by our solid phase syntheses 
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Diagram VI.1 
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For the same reason a nitro group was used to protect the guamdino function 
of L-arginme, and a tert-butyl residue to protect the v-carboxyl function of 
L-glutamic acid. 
The imidazole ring of L-histidme was not protected, because the Dnp group 
used for this purpose m the solid phase syntheses was split off from the 
end-products when they were cleaved from the resin (see chapters IV and V), 
and imidazole protection is not essential in the classical synthesis. 
VI-1-2-2 CLEAVAGE OF THE Boc GROUP 
Cleavage of the amino protecting tert-butyloxycarbonyl group had to be carried 
out by acidolysis. It was therefore necessary to bear in mind the possibil ity 
of side-reactions resulting from the presence of the indole derivative Trp in 
the peptide chain. 
As already mentioned in chapter III, Alakhov et al. (') showed by means of 
mass spectrometry that by splitting off the Boc group from Trp-containing 
peptides with TFA, the resultant tert-butylcarbonium ions can alkylate the 
indole ring. In addition it is known that in general the indole ring is very sen-
sitive to strong acids; in the presence of traces of metal ions, red-violet 
oxidation products may be formed from tryptophan-contaming peptides under 
strongly acid conditions. 
Cleavage of the Boc group according to Halpern and Nitecki (2) proved, by 
comparison to be a very mild method. As was stated in chapter III, this method 
gives a very pure product when used for the cleavage of the Boc group from 
Boc-Trp-OH. However, as already mentioned in chapter III, cleavage of the 
Boc group with formic acid may present other problems: 
a) formylation of the a-NH2 
b) formylation of the indole-N 
c) diketopiperazine formation 
ad a: Heating an amino acid with a free ammo group in formic acid can lead 
to the formation of the corresponding N-formyl derivative, as Fischer 
and Warburg (3) have already pointed out. Recently Schnabel et al. (4) 
have also mentioned the occurrence of this side-reaction. 
To prevent this formylation it is important to avoid the temperature 
rising during the cleavage. When this precaution was taken, we ob-
served no formylation (as shown by thin-layer chromatography) during 
the course of the reaction. 
ad b: According to Ohno et al. (5) formylation of the indole ring can occur if 
HCI /HCOOH is used for cleavage of the tert-butyloxycarbonyl group. 
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This has already been discussed in chapter III 
In the cleavage using formic acid alone, as described in chapter III, 
no formylation could be demonstrated by thin-layer chromatography. 
ad с Nitecki et al (é) described the formation of diketopiperazmes from 
dipeptide formates, and the catalytic role probably played by the formic 
acid present Later Kamber (7) also used dipeptide formates for the 
synthesis of diketopiperazmes 
Again the temperature and the reaction time seem to be important 
factors If the temperature is not allowed to rise above 30° С during the 
reaction with formic acid and the subsequent working up of the reaction 
mixture, the formation of diketopiperazmes appears to be negligible (e). 
VI-1-2-3 COUPLING WITH PEPTIDE FORMATES 
After cleaving the Boc group with formic acid, the peptide or ammo acid 
remains as the formic acid salt Coupling of this product with the following 
ammo acid using D C C is generally not possible unless the amino group is 
f irst freed from the formate Direct further coupling of such formates is, 
however, possible with active esters of ammo acids, and particularly m those 
cases where the formic acid present plays a catalytic role 
In the coupling with para-mtrophenyl esters the catalytic effect of acetic acid 
is already well known Kemp (9) showed that the reaction of e g ONp esters 
With amines can be catalysed by the addition of HCl In this case it proved 
favourable if the ammo group is partly present as the conjugated acid 
Fujmo et al (1 0) employed formic or acetic acid as catalyst in the coupling of 
active esters of ketoximes ( n ) The use of formic acid m such couplings, 
however, runs the risk of unwanted formylation, as was shown by Schnabel 
et al (4) 
Zemlicka and Chladek (1 2) used active esters of ammo acids for the synthesis 
of /V-acyl-ammoacyl-t-RNA's, and acetate or formate buffers m aqueous DMF 
as the coupling medium They found that only small quantities of the desired 
product were obtained The acetate or formate ions in the reaction medium 
led to the formation of substantial amounts of acetyl or formyl products They 
explained this on the basis of two mechanisms (see diagram VI 2) 
R-COOX + R'-COO" 5 = ^ R-CO-O-OC-R' + 0X~ 5=:R-COO" + R'-COOX 
R'-COCTHÌ^ÌOC-R 5 = i r R-COO" + X-OOC-R1 
Diagram VI.2 
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With formate ions (R' = H) the equilibrium lies more to the right than m the 
case of acetate ions (R' = CH 3 ) The active ester group (X) also influences 
the reaction, thus the para-mtrophenyl ester is much more sensitive to the 
anion exchange than the l-succimmidyl ester 
Applying this to the synthesis of a model peptide, Boc-Phe-Gly-OMe, we 
determined whether the presence of formate ions would lead to exchange 
reactions in the coupling with the l-succimmidyl ester This peptide was 
synthesized in three different ways (see diagram VI 3), from the HCl salt of 
glycine methyl ester (A), or the corresponding formate (S) with an active ester, 
and v/a a D C C coupling (C) 
HCOOH 
HCOOH H-Gly-OMe 
+ Boc-Phe-ONSu 
- Boc-flyT-OMe _ 
1 HCl/OME 
HCl H-Gly-OMe 
+Boc-Phe-ONSu 
m/mi 
HCl H-Gly-OMe 
+ Boc-Phe-OH 
CD 
Et,N ®_ 
- • Boc-| Phe-Gly |-0Me < * -
DCC 
© 
Diagram VI 3 
The results of the three procedures employed are summarized in table VI,1 
Procedure 
A 
В 
С 
Yield 
89% 
87% 
63% 
[o] D (MeOH) 
-5 6 
-5 0 
-5 7 
M D (DMF) 
-105 
-109 
-105 
M p 
92 - 94° 
93 - 95° 
93 - 95° 
Table Vl,1 
Synthesis via the formate gave a high yield of the desired product, using this 
method no N-formyl glycine methyl ester could be demonstrated m the reaction 
mixture by thin-layer chromatography Thus it seems that in addition to the 
oxime esters used by Fujmo and Nishimura ( " ) , l-succimmidyl esters may 
also be used for coupling with peptide formates 
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VI-1-3 THE INDIVIDUAL SYNTHETIC STEPS 
Synthesis of the partial sequences used as reference compounds was, as 
mentioned previously, carried out according to diagram VI 1 
From the dipeptide stage onwards (when L-tryptophan is already present) the 
cleavage of the Boc group was usually carried out with formic acid In the 
tetrapeptide stage HCI/DME was used, however, because in the following 
coupling the azide rather than an active ester method was used In the azide 
coupling it became apparent that in the presence of formate ions the side-
reactions described in VI-1-2-3 could occur 
As seen in diagram VI 1, the dipeptide II was prepared from the HCl salt of 
glycine methyl ester, according to methods a and b, the addition of 1-hydroxy-
benzotnazole (b) according to Komg and Geiger (13,14) gave a greater yield 
(85% compared with 65%) 
The tripeptide III was synthesized from II by cleaving the Boc group with 
HCOOH (route c) and coupling with the acetoxime ester of /Va-tert-butyloxy-
carbonyl-L-mtroargimne The tripeptide was also synthesized via a DCC 
coupling (e) and a tnphenyl phosphite coupling (ƒ) The DCC coupling utilized 
the HCl salt of the L-tryptophyl-glycme methyl ester, which was obtained by 
hydrogénation of the corresponding benzyloxycarbonyl compound This reduc-
tion is sufficiently mild for Trp-contammg peptides Z-Trp-Gly-OMe was 
therefore synthesized by the tnphenyl phosphite method advocated by Mitin 
and Glmskaya (15) 
In the synthesis of the tripeptide via step e a substantial amount of the lactam 
appeared as a side-product Synthesis of this peptide via route f gave the 
desired product in reasonable yield (54%) and completely free of lactam 
Mitm and Glmskaya (16) have suggested that activation of the carboxyl group 
takes place m the presence of tnphenyl phosphite and imidazole An active 
adduct with tnphenyl phosphite or an active imidazolide seems likely, the 
mechanism, however, is not yet clear 
Meanwhile it has become clear that the tnphenyl phosphite coupling using 
N^tert-butyloxycarbonyl-L-nitroargmme does not always lead to a satisfactory 
result Thus, using this method in solid phase synthesis, a poor incorporation 
was obtained (chapter IV) Recently Mitin himself (17) pointed out a side-
reaction which may be encountered, the method can lead to reduction of the 
mtro-guamdino group Besides Yamazaki and Higashi (1β) found that diphenyl 
phosphite, which arises from the tnphenyl phosphite coupling according to 
Mitin, may cause further coupling reactions 
The tetrapeptide IV was synthesized by coupling Boc-Phe-ONSu with the 
formate obtained by the cleavage of the Boc group from III 
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The hexapeptide VI was finally obtained in good yield from tetrapeptide IV, 
after cleaving the Boc group with HCI/DME, via an azide coupling with the 
dipeptide Ζ-ΟΙυ(ΟΒυ')-Ηΐ3-ΝΗ-ΝΗ2, as described by Schwyzer and Kappe-
ler (19) 
The coupling between an active ester and a peptide formate illustrated in 
VI-1-2-3 is used twice in the preparation of the reference compounds shown 
in diagram VI 1 In the synthesis of tripeptide III (via route c), the yield was 
very low (26%) This low yield may be due to an inappropriate quantity of 
acid as catalyst In the synthesis of tetrapeptide IV the yield was considerably 
better (67%) 
On the basis of these results and the observations m VI-1-2-2 and VI-1-2-3, 
it may be concluded that coupling of peptide formates cannot be regarded as 
a generally useful method in peptide synthesis 
In general, when proceeding from peptide formates resulting from the cleavage 
of the Boc group with formic acid, it seems safer to liberate the peptide (eg 
with K J C O J solution) before further coupling 
This has already been reported for the synthes s of the a-ACTH-(5-10) 
sequence by Inouye et a/ (2 0 2 1) 
VI-2 EXPERIMENTAL PART 
For details concerning performance of measurements, thin-layer chromato­
graphy and abbreviations used, see appendices А, В, С 
SYNTHESES OF THE MODEL PEPTIDE 
Boc-Phe-Gly-OMe 
This peptide was prepared in three different ways as indicated in diagram VI 3 
Method A 
According to Laufer and Blout (22) the following procedure was chosen To 
3 11 g of Boc-Gly-OMe (16 45 mmoles), dissolved in 20 ml of DME and cooled 
with ice to 0° C, 130 ml of 6 N HCl in DME were added After 40 minutes 
at 0° С thin-layer chromatography showed that the Boc group was completely 
cleaved Then the solution was evaporated in vacuo in order to remove the 
excess of HCl 
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The remaining mono HCl salt was taken up in 250 ml of DME and 57 g (16 
mmoles) of 1-succinimidyl ester of N-tert-butyloxycarbonyl-L-phenylalanme and 
2 24 ml (16 mmoles) of tnethylamme were added After a reaction time of 
16 hours at room temperature the reaction mixture was worked up as follows 
First 0 2 ml of (СНз)2-М-СН2-СН2-СН2-МН2 were added and the mixture was 
left for half an hour, in order to destroy the unreacted 1-succinimidyl ester 
After filtration through hyflo, the clear solution was concentrated to about one 
quarter of its volume Then five volumes of water were added and the solution 
was extracted with ethyl acetate 
Thin-layer chromatography showed however, that the ethyl acetate solution 
still contained some unreacted 1-succinimidyl ester Therefore the combined 
extracts were treated for another half an hour with 1 ml of (CH3)2-N-
(CH2)3-NH2, then washed with water, 10% citric acid solution, water and NaCI 
solution, and dried with Na 2 S0 4 Evaporation of the clear solution yielded 6 0 g 
of an oil Crystallization was achieved with dnsopropyl ether- petroleum ether 
C 1 7 H 2 4 N 2 0 
Yield 
M p 
[«b 
[a1D 
T L C 
Analysis 
5 (336 39) 
4 8 g (87%) 
92 - 94° 
-10 5 - t Г (с = 1 3 in 
-5 6 ± 1 0 (с = 2 3 in 
Rf = 0 71 (B), - RH+ 
Caled С 60 70 H 7 19 
Found С 60 9 H 73 
DMF) 
MeOH) 
N 8 33 
N 83 
Method В 
38 g (20 mmoles) of Boc-Gly-OMe were dissolved m 302 ml of 98-100% 
HCOOH (mol ratio Boc-compound / HCOOH 1 / 400) The mixture was stirred 
at room temperature After one and after three hours samples were taken 
Thin-layer chromatography showed that the cleavage of the tert-butyloxycar-
bonyl group was still incomplete after 1 hour After three hours, however, the 
reaction was ended and formic acid was removed by evaporation under 
reduced pressure so that the temperature did not rise above 30° С To remove 
the last traces of formic acid, DME was alternately added and evaporated 
three times 
The formate remaining was taken up in 240 ml of DME, and 7 25 g (20 mmoles) 
of Boc-Phe-ONSu were added to the mixture After a reaction time of 16 hours 
at room temperature the reaction mixture was worked up as described for 
method A 
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C 1 7 H 2 4 N 2 0 5 (336.39) 
Yield 5.8 g (86%) 
M.p. 93 - 95° 
[a]D -10.9 ± Г (с = 1.8 in DMF) 
[al D ' -5.0 ± Г (с = 2.0 in MeOH) 
T.LC. Rf = 0.72 (B), 0.71 (E), - RH + 
Analysis Caled. С 60.70 H 7.19 Ν 8.33 
Found С 60.9 Η 7.3 Ν 8.4 
Method C.­
After cleavage of the Вое group as described for method A, the remaining 
HCl salt of glycine methyl ester was dissolved in ethyl acetate. Then 1.1 
equivalent of Boc-Phe-OH and 1 equivalent of triethylamine were added. After 
the solution had been cooled to 0° C, 1.1 equivalent of DCC was added. 
The mixture was left at 0° С for 6 hours and at room temperature for 12 hours. 
To remove the precipitates of DCU and triethylamine-HCI salt the reaction 
mixture was filtered. Next the ethyl acetate solution was washed with a 10% 
citric acid solution, 5% NajCOj solution, water and NaCI solution, and dried 
with MgSO^. On evaporation in vacuo an oil was obtained, which was freed 
from DCU by two crystallizations from diisopropyl ether- petroleum ether. 
C 1 7 H 2 4 N 2 0 5 (336.39) 
Yield 63% 
M.p. 93-95° 
[ a l D -5.8 ± 1 ° (c = 1.3 in MeOH) 
[ a j D -10.5 ± 1° (c = 1.2 in DMF) 
T.LC. Rf = 0.7 (E), - RH + 
Analysis Caled. С 60.70 Η 7.19 Ν 8.33 
Found С 60.8 Η 7.3 Ν 8.5 
SYNTHESIS OF THE a-ACTH-(5-10)-HEXAPEPTIDE 
The various synthetic steps are described according to diagram VI.1. 
Boc-Gly-OMe (I) 
For the preparation of this amino acid derivative see chapter VII, experimental 
part. 
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B o c - T r p - G l y - O M e (II) 
Route a: 
After cleavage of the Boe group from (I) with HCI/DME as previously 
described, 1.26 g (10 mmoles) of the HCl salt obtained were dissolved in 
250 ml of ethyl acetate. Then 3.35 g (11 mmoles) of Boc-Trp-OH and 1.4 ml 
of tnethylamine (10 mmoles) were added. After cooling of the mixture to 0° C, 
2.27 g (11 mmoles) of D C C were added and the reaction mixture was stirred 
for 20 hours. 
Then the DCU formed was removed by fi ltration and the clear ethyl acetate 
solution was washed with 10% citric acid solution, 5 % N a 2 C 0 3 solution, 
water and NaCI solution, and finally dried with N a 2 S 0 4 . On partial evaporation 
of the solvent in vacuo again DCU crystall ized out, and was once more 
removed by f i l tration. 
Complete removal of the solvent and drying of the residue in high vacuum 
yielded 3.4 g of an oil. This oil was taken up m a small amount of ethyl acetate 
and crystall ized by addition of petroleum ether. 
C , 9 H 2 5 N 3 0 5 (375.43) 
Yield 2.5 g (65%) 
M.p. 114-117° 
[ a ] D -6.4 ± Г (с = 0.8 in EtOAc) 
[ a ] D -11.6 ± Г (с = 0 8 in MeOH) 
T.L С Rf = 0.62 (B), 0.72 (E), - RH+ 
Analysis Caled. С 60.79 Η 6 71 Ν 11.19 
Found С 60.9 Η 6.8 Ν 11.5 
Route b: 
According to König and Geiger ( ,3, 14) the fol lowing procedure was chosen. 
Into 120 ml of DMF were brought 2.51 g (20 mmoles) of glycine methyl ester -
mono HCl salt, 6.09 g (20 mmoles) of Boc-Trp-OH, 2.18 ml (20 mmoles) of 
/V-methylmorpholme and 4.05 g (30 mmoles) of 1-hydroxybenzotriazole. After 
cooling the solution to 0° C, 6 19 g (30 mmoles), of DCC, dissolved in 20 ml 
of DMF, were added. 
After a reaction time of 3 hours at 0° С and 15 hours at room temperature, the 
DCU formed was removed by fi ltration and the solvent was partly evaporated 
in vacuo. Then four volumes of water were added and the solution was ex­
tracted four times with ethyl acetate. The combined extracts were washed with 
1 0 % citric acid, water, 5 % N a 2 C 0 3 solution, water and NaCI solution. 
Finally the combined ethyl acetate solutions were worked up as described for 
the corresponding synthesis via route a. 
104 
С1 9Н2 5Ыз05 (375 43) 
Yield 63 g (84%) 
M p 115-117° 
[ a ] D -6 3 ± Г (с = 09 m EtOAc) 
[ a ] D - 1 1 7 - t r (c = 0 8 i n M e O H ) 
T L C Rf = 0 9 (G), - RH + 
Analysis Caled С 60 79 H 6 71 Ν 11 19 
Found С 60 7 Η 6 8 Ν 11 1 
Boc-Arg(N02)-Trp-Gly-OMe (III) 
Route с 
Via this route the tripeptide (III) was synthesized directly from the dipeptide 
(II) as described by Fujino ef a/ (10) for the corresponding Wa-benzyloxy-
carbonyl-compound 
For that purpose the Boc group was cleaved with formic acid in the following 
way 3 19 g (8 5 mmoles) of Boc-Trp-Gly-OMe were dissolved in 128 ml of 
98-100% HCOOH (mol ratio Boc-compound/formic acid 1/400) After 
removal of the solvent under reduced pressure (temperature < 30° C) and 
drying in high vacuum a light yellow oil was obtained 
This was taken up in dioxan Then 3 2 g (8 5 mmoles) of Boc-Arg(N02)-ONAc 
were added, and the reaction mixture was left at room temperature Thin-layer 
chromatography showed however, that even after 40 hours the coupling had 
hardly been started Therefore half an equivalent of formic acid (0 16 ml, 
4 25 mmol) was added to catalyse the reaction The pH of the reaction mixture 
was about 3 After 24 hours the mixture was worked up 
After addition of water, the dioxan - water mixture was extracted four times 
with ethyl acetate The combined ethyl acetate fractions were washed with 10% 
Citric acid, water and NaCI solution, and dried with Na.SO. Removal of the 
solvent by evaporation in vacuo gave a foam A solid product was obtained 
from hot ethyl acetate 
However it contained a substantial quantity of unreacted acetoxime ester, as 
appeared from thin-layer chromatography and optical rotation measurements 
In order to decompose the active ester, the product was dissolved in ethyl 
acetate, 1 2 ml of 3-dimethylamino-propylamine and 1 4 ml of acetic acid were 
added, and the solution was left at room temperature for 1 5 hours 
Finally the product was isolated, again as an amorphous solid, from the ethyl 
acetate solution as described previously 
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С2 5Нз6МвОв (576 61) 
Yield 1 5 g (26%) Lit (io) 88% 
M ρ 108-116° Lit Ρ ) 112-114° 
[ a ] D -12 2 dr 1° -13 6° (с = 1 25, 1 0 m DMF) 
T L C Rf = О 57 (В), - RH-\ UV254 + 
Analysis Caled С 52 08 H 6 29 Ν 19 43 
Found С 52 3 Η 65 N 1 9 1 
Route d, е.-
Step d Synthesis and hydrogénation of Z-Trp-Gly-OMe 
This dipeptide was synthesized according to Mitin and Glmskaya (15) starting 
from N-benzyloxycarbonyl-L-trytophan and the glycine methyl ester Coupling 
was achieved by 150% of imidazole and triphenyl phosphite 
The white crystalline product obtained by this method had to be recrystallized 
from hot methanol in order to remove traces of by-products formed by the 
coupling reagents, which interfere with the subsequent hydrogénation 
С2,Н2зЫз05 (409 44) 
Yield 82% Lit (15) 97% 
Μ ρ 157-158° 157-158° 
T L C Rf = 0 70 (В), - RH+, и з5 0+ 
Analysis Caled С 64 54 Η 5 66 Ν 10 26 
Found C 6 4 2 Η 5 6 N 1 0 2 
The product was hydrogenolysed in methanol containing an equivalent of 
hydrogen chloride and 10% palladium on charcoal (amount of catalyst 10% 
of the weight of the peptide) The hydrogénation was carried out in an open 
system The solution was therefore brought into a wash bottle and magnetically 
stirred Hydrogen passing through the solution was distributed in extremely 
small bubbles with a sinter plate Following this procedure a hydrogénation 
time of 45 minutes was amply sufficient for 10 mmoles of the peptide 
After filtration and evaporation of the solvent in high vacuum the product Was 
obtained as a dry foam. 
Step e Coupling with Boc-Arg(N02) by the DCC method 
3 19 g (10 mmoles) of the above mentioned mono HCl salt of L-tryptophyl-
glycme methyl ester and 3 4 g of Boc-Arg(N02)-OH (10 mmoles) were dissol-
ved in 100 ml of DMF Next 1 4 ml of triethylamme (10 mmoles) were added 
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The solution was cooled to 0° С and after the addition of 2 06 g of DCC (10 
mmoles) left at 0° С for 16 hours and at room temperature for 3 hours 
Thin-layer chromatography showed that the coupling was still incomplete In 
addition a product with a high Rf-value (UV2 5 4+, RH+) had been formed, which 
was apparently the lactam of Na-tert-butyloxycarbonyl-L-nitroarginine 
Further addition of half an equimolar amount of DCC and extension of the 
reaction time by 24 hours did not improve the result 
Hence the dimethylformamide solution was reduced to about half its volume 
by evaporation Precipitates of DCU and Et3N HCl were removed by filtration, 
and after addition of four volumes of water the solution was extracted four 
times with ethyl acetate The combined ethyl acetate fractions were washed 
with 10% citric acid solution, 5% ІМа2СОз solution and water, and dried with 
Na2S04. After evaporation of the bulk of the solvent a product crystallized 
(4 4 g). It contained, however, about 50% of the lactam 
Attempts to separate the lactam from the product by continuous extraction of 
the solid with ether in a Soxhlet extraction apparatus failed, as did various 
other purification procedures 
C 2 5 H 3 6 N e 0 e ( 5 7 6 6 1 ) 
Yield 4 4 g (about 50% lactam, 2 2 g = 38%) 
T L C Rf = 0 65 (D), - RH+, UV2 5 4+ 
Rf = 0 74 (D), (lactam) - RH+, UV + 
Roufe d, f: 
Step d For step d, see discription of route d, e. 
Step f· Coupling of Boc-Arg(N02)-OH by the triphenyl phosphite - imidazole 
method 
2.5 g (8 mmoles) of H-Trp-Gly-OMe HCl, 2 72 g (8 mmoles) of Boc-Arg(N02)-
OH, 1 12 ml of tnethylamme (100%) and 0.82 g of imidazole (150%) were 
dissolved in 8 ml of dimethylformamide After addition of 3 72 g of triphenyl 
phosphite (150%), dissolved m 2 ml of dimethylformamide, the reaction mixture 
was stirred during 17 hours at 40° C. 
The mixture was then poured into water so that the product separated as an 
oil. It was extracted with ethyl acetate, and the combined ethyl acetate 
fractions were washed with 10% citric acid, 5% Na 2 C0 3 solution and water, 
and dried with Na2S04. Then the solvent was evaporated in vacuo till precipi­
tation had been started The product was filtered, washed with ether, and 
recrystallized from hot ethyl acetate - ether. 
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С25Нз6М0Ов (576.61) 
Yield 2.5 g (54%) 
M.p. 116-122° 
[ a ] D -13.9 ± Г (с = 1.0 in DMF) 
T.L.C. Rf = 0.55 (В), - RH+, UV2 5 4+ 
Analysis Caled. С 52.08 H 6.29 Ν 19.43 
Found С 52.2 Η 6.5 Ν 19.0 
Boc-Phe-Arg(N02)-Trp-Gly-OMe (IV) 
2 g (3.48 mmoles) of tripeptide (III) were dissolved in 31 ml (820 mmoles) 
of formic acid (mol. ratio Boc-compound/formic acid: 1/230). Thin-layer 
chromatography showed that the cleavage of the Boc group was complete 
within 51/2 hours (with a mol. ratio 1/600 the cleavage time can be reduced 
to two hours). 
Then the formic acid was evaporated in vacuo so that the temperature did not 
exceed 30° C. The residual oil was further dried in high vacuum. The tnpeptide 
formate, thus obtained, was taken up in dimethylformamide and 1.26 g (100%) 
of Boc-Phe-ONSu were added. 
After the reaction mixture had been stirred for 24 hours at room temperature, 
four volumes of water were added, and the solution was extracted with ethyl 
acetate. In order to destroy Boc-Phe-ONSu if present, 0.3 ml of 3-dimethyl-
ammo-propylamine was added to the combined ethyl acetate fractions. After 
30 minutes the solution was washed four times with water and the whole 
procedure was once repeated. 
Finally the ethyl acetate solution was washed as usual, and dried with Na 2 S0 4 
and subsequently with MgS04. After evaporation of the solvent in high vacuum 
a white amorphous solid was obtained. The product contained % mole of the 
solvent. 
C 3 4 H « N 9 0 9 · VA C 4 H e 0 2 ( 7 4 5 · 8 1 ) 
Yield 1.7 g (67%) Lit. F ) 80% 
M.p. 120-125° 176-177° 
[ o ] D -18.7 ± 1° -20.4° (c = 1.0, 2.04 in MeOH) 
T.LC. Rf = 0.57 (B), - RH+, UV2 5 4+ 
Analysis Caled. С 56.30 H 6.34 Ν 16.90 
Found С 56.3 Η 6.4 Ν 16.9 
Z-GMOBu'J-His-Phe-ArgíNOJ-Trp-Gly-OMe (VI) 
First the tert-butyloxycarbonyl group of tetrapeptide (IV) was removed with 
HCI/DME as previously described. Drying in high vacuum gave the mono 
HCl salt of the tetrapeptide as a solid compound. 
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This was coupled with Ζ-ΰ1υ(ΟΒυ')-Ηί8-ΝΗ-ΝΗ2 by the azide method, for this 
particular case described by Schwyzer and Kappeler ( 1 9 ), as fol lows: 0.81 g 
(1.66 mmoles) of Ζ-ΟΙυ(ΟΒυ ι)-Ηΐ3-ΝΗ-ΝΗ2 was dissolved in 17 ml of DMF 
and the solution was cooled to -15° С Then 2.35 ml of 1.94 N HCl in ethyl 
acetate (4.57 mmoles, 2.75 equiv.) were added. The mixture was cooled to 
-15° С and 0.23 ml of t-butyl nitrite was added with stirring. After a further 
15 minutes stirring at -15° the azide had been formed and the solution was 
neutralized with 0.64 ml of Et jN (4.57 mmoles); the pH was then exactly 7. 
Next an equimolar amount of the tetrapeptide in DMF, which was freed from 
its HCl salt by addition of 0.23 ml (1.66 mmoles) of EtjN, was added and the 
solution was left at 0° C. After 40 hours the Et3N.HCI formed was removed by 
f i ltration. 
The solution was concentrated and then poured into 10 volumes of water. The 
product crystallized on stirring and was collected by fi ltration. 
C s ^ N ^ O ^ H j O (1098.19) 
Yield 1.12 g (62%) Lit. ( " ) 6 8 % 
M.p. 174-179° 174-177° 
[ a ] D -28.5 ± Г -30.9° (с = 1.0, 2.0 m MeOH) 
T.L.C. RF = 0.49 (В), 0.53 (D), - RH+, U V 2 5 4 + , P+ 
Analysis Caled. С 56.85 H 6.14 Ν 16.58 
Found С 56.7 Η 6.1 Ν 16.5 
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CHAPTER VII SYNTHESES OF THE NECESSARY AMINO ACID 
DERIVATIVES 
V I M SYNTHETIC PROCEDURES AND PROPERTIES OF THE 
SUBSTANCES 
VII-1-1 SYNTHESES OF THE ЛКВос AMINO ACIDS AND THE SALTS AND 
ESTERS DERIVED FROM THEM 
The synthesis of tert-butyloxycarbonyl ammo acids, with the exception of 
Boc-His-OH (see section VII-1-2-1), followed the pH-stat method introduced 
in 1967 by Schnabel (') In this method the reaction shown in diagram VII 1 
is controlled by the use of a pH-stat 
Boc-N3+H-AA-0"Na<--*Boc-AA-0-Na++NaN, 
NaOH 
Diagram VIM 
The necessary tert-butyloxycarbonylazide was synthesized from tert-butyloxy-
carbonylhydrazide according to Carpino et al (2) Distillation was not used 
for the purification of Boc-N3, because of the danger of explosion, instead 
the crude material, dissolved in ether, was passed through a column of neutral 
A I A 
For the isolation of the resultant ЛКВос ammo acid the reaction mixture was 
acidified, in order to liberate the free Л/а-Вос ammo acid from its salt, and 
extracted with ethyl acetate or ether Citric acid was always employed by 
Schwyzer (3) for this purpose However, according to Spangenberg et al (4), 
the danger exists that some citric acid will be extracted with the product, 
subsequently this contamination may result in unwanted acylation. According 
to the latter workers, this can be avoided by acidification with KHS0 4 solution 
In the Л/п-Вос ammo acids synthesized by us, no traces of citric acid could be 
detected (s) 
With regard to the synthesis of active esters, attempts to synthesize 
Boc-Arg(N02)-ONSu with the DCC method of Anderson et al (*), and also 
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with the mixed anhydride method of Anderson et al. (7) failed because of 
lactam formation (8) To achieve anyhow the condensation under acidic con­
ditions (see chapter VI), the active acetoxime ester of Boc-Arg(N0 2 )-OH was 
synthesized according to Fujmo et al. (9). 
VII-1-2 SYNTHESIS A N D PROPERTIES OF Boc-His(Dnp)-OH 
VIM-2-1 SYNTHESIS 
Boc-His(Dnp)-OH was synthesized from Boc-His-OH. Until recently this could 
only be obtained via L-histidme methyl ester according to Schroder (1 0) or via 
the p-mtrobenzyl ester according to Schaich and Schneider (u). It proved 
possible, however, m this laboratory ( , 2 ) to synthesize Boc-His-OH directly 
from the ammo acid by the use of the pH-stat method described in section 
V I M - 1 . This possibil ity was found simultaneously by Losse and Krychowski ( 1 3 ). 
Introduction of the Boc group into the imidazole ring proved, in the procedure 
employed, to be negligible. 
The presence of the imidazole group required special conditions for the 
isolation and purification of the product. The solution was acidified to such a 
pH (about 5) that the total charge of Boc-His-OH was zero. Extraction was 
subsequently performed with л-butanol, because of the poor solubility of 
Boc-His-OH in the usual solvents. To avoid the simultaneous extraction of 
citric acid, as discussed in VII-1-1, H 2 S 0 4 was used for the acidification 
(see VII-2). 
The procedure of Chillemi and Mernfield (1 4) was employed for the synthesis 
of Boc-His(Dnp)-OH After the introduction of the dmitrophenyl group, and 
isolation, a good crystalline product could be obtained by recrystallization from 
isopropanol 
VIM-2-2 THE STRUCTURE OF Boc-His(Dnp)-OH 
Na-t-Butyloxycarbonyl-N i m-2,4-dinitrophenyl-L-histidine is, like many other 
imidazole-protected histidme derivatives, not completely defined ( 1 5 ). 
The imidazole protecting group can, as shown in diagram VII 2, be present 
in the 1- or the 3-position (1 6) (π- or τ-position according to IUPAC-IUB ( 1 7 )). 
One can imagine that the a-tert-butyloxycarbonyl-pros-dinitrophenyl-L-histidine 
(/V'-Boc-N^-Dnp-His), because of the shorter distance between the Dnp group 
and the ammo acid residue, will exhibit different physical constants (such 
as rotation, etc ) to the a-tert-butyloxycarbonyl-te/e-dimtrophenyl-L-histidine 
(N«-Boc-/VT-Dnp-His). This has indeed been found in the case of the methyl-
histidmes ( 1 8 ). 
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СНэ О Η η 
ι II ι /Ρ 
CHj-C-O-C-N-C-C 
СИ, H CH2 U H 
\ " 
/Va-Boc-/Vx-Dnp-His 
Boc-His|T-Dnp)-OH 
Diagram VII.2 
To ascertain which of the two possible derivatives we were dealing with, the 
N.M.R. spectra were investigated. Firstly a spectrum of Boc-His-OH was 
recorded (figure V I M ) . 
From the intensity of the low-field signal at 10.9 (two NH protons) it is apparent 
that Boc-His-OH has a zwittenon-structure with a positively charged imidazole 
ring. In accordance with such a structure proton i has a higher ô-value (8 05) 
than in unsubstituted, uncharged imidazole (7.71) whereas the 6-value of 
proton e (7.15) is unaffected. 
The introduction of a Dnp residue in Boc-His-OH has two consequences. By 
its polar effect it will cause a diamagnetic shift of protons m α-positions to the 
substituent introduced (i.e. protons e and f in Boc-His(T-Dnp)-OH, but only 
proton f in Вос-Ні5(д-0пр)-ОН. 
Because the Dnp group reduces the basicity of the imidazole ring considerably, 
Boc-His(Dnp)-OH wil l have no zwittenon-structure. The main consequence of 
this effect wil l be a paramagnetic shift of the i-proton. The loss of the 
zwittenon-structure is apparent from the N.M.R. spectrum of Boc-His(Dnp)-OH 
(figure Vll:2); even with an offset of 500 cps no NH-proton signal was found. 
The position of the proton f signal (δ = 8.22) is understandable if the effects 
of the introduction of the Dnp group are nearly canceling. The signal is only 
0.17 ppm shifted diamagnetically in comparison with the corresponding peak 
of Boc-His-OH. 
The much larger low-field displacement of the e-proton, from 7.15 to 7.45, 
points, however, to the presence of the Dnp group at the te/e /V-atom. 
The N.M.R. spectrum of Boc-His(Dnp)-OH also indicates that the compound 
crystall ized out with 0.8 mole of isopropanol. (The presence of this alcohol was 
confirmed by elemental analysis). 
CHj 0 Η 
I II I // 
CH,-C-0-C-N-C-C. 
.0 
1
 I I u„ 
CHj Η СН
г 
\=¿ 
H N02 
/V'-Boc-A^-Dnp-His 
Boc-His(Ti-Dnp)-OH 
NO, 
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A possible explanation of the formation of pure Boc-His(t-Dnp)-OH m this 
synthesis is that the imidazole-π-Λ/ may be involved in an intramolecular in­
teraction with the carboxyl group of the ammo acid, as il lustrated in diagram 
V I I 3 
H H О 1
 ' У B o c - N - C - ^ 
СН
г + ( Г 
C-NH 
ir » 
H-C4N-;C-H 
Dnp ·· -F 
Diagram VI 1.3 
A similar blocking, but in this case by the a-NH2 group is also reported by 
Brumngs ( , 9 ) in the lodmation of L-histidme 
As conclusive structural proof that we are dealing with Boc-His(T-Dnp)-OH, a 
specific and unequivocal synthesis of one of the two isomers is required 
An unequivocal synthesis of, for example, Boc-His(.-t-Dnp)-OH should be 
feasible via the synthetic pathway of Jones and McLaughlin ( 2 0 ), and possibly 
also v/a the method of ν Leusen and Oldenziel (2 1) 
VIM-2-3 PHOTOCHEMICAL INVESTIGATION OF Boc-His(Dnp)-OH 
The compound proved strongly light-sensitive This light-sensitivity has already 
long been recognized for the /\/cl-Dnp ammo acids, which according to Law (2 2) 
break down under the influence of light to give 4-nitro-2-nitroso-aniline and 
2-substituted 6-nitrobenzimidazole-1-oxides In the case of Dnp-Gly-OR the 
latter break-down product can also be formed in the dark (2 3) /\/-2,4-Dinitro-
phenylimidazole is also known to be strongly light-sensitive (2 4) 
The stability of Boc-His(Dnp)-OH was therefore investigated during irradiation 
as well as in the dark 
For this purpose a 0 8 % solution of Boc-His(Dnp)-OH i-PrOH in ethyl acetate 
was prepared, one aliquot was irradiated with a 75 watt tungsten lamp, and 
another aliquot was kept in the dark 
The optical rotation of these solutions was measured at various time intervals 
using 3 wavelengths, namely 589 nm (Na D-lme), 578 and 546 nm (both Hg 
lines) (figure VII 3) Rotation measurements using the Hg lines 436 and 365 nm 
proved impossible because of the strong absorption of the solutions below 
540 η m 
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Figure Vll:3 
Graph of the optical rotation of Boc-His(Dnp)-OH, dissolved in ethyl acetate, with time Rotation was measured with a 
Perkm-Elmer P-141 polanmeter 
It is seen that the curves for the irradiated as well as for the non-irradiated 
solutions exhibit the same pattern. The time-curve of the irradiated solution 
shows a clear inflexion between 20 and 25 hours. In the case of the non-
irradiated solution, a slow increase to constant value is observed. A sample 
was taken, at the same time as each measurement, for thin-layer chromato­
graphy. The results obtained after development of the plate are illustrated in 
figure Vll:4. 
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Figure Vll:4 
T.L.C, of Boc-His(Dnp)-OH dissolved in EtOAc. L = irradiated, D = not irradiated, 
1 - 10 are after 0, 1,2, 6, 8, 17, 23, 32, 43 and 77 hours respectively. The chromatogram 
was developed in n-BuOH - HOAc - H O in the proportions 4 - 1 - 1 ; detection; UV RH. 
From this f igure it is evident that, on irradiation, Boc-His(Dnp)-OH (of 
Rf = 0.65) breaks down to a product / (Rf = 0.76) which subsequently (after 
about 17 to 23 hours) decomposes to yield product 2 (Rf = 0.79). 
On the basis of the T.L.C, results both types of time-curves can be explained 
by assumng that product / is formed relatively rapidly, and is levorotatory, 
and that product 2 develops slowly from this via a dark-reaction, and is 
dextrorotatory (see diagram VII.4). 
The small increase in optical rotation, to a constant value, of the solution 
which was kept dark might result from traces of product / in the starting 
material, which decomposes into product 2. 
Boc-His(Dnp)-OH^ Product© -»-Product φ 
dextrorotatory levorotatory dextrorotatory 
Diagram VII.4 
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The N M R spectrum of a solution of Boc-His(Dnp)-OH m DMSO, which was 
kept dark, showed that a Dnp shift from the im-τ-Λ/ to the im-π-Λ/ does not 
occur So the small increase in optical rotation of the non-irradiated solution 
could not be explained by this Dnp shift 
As a final conclusion it may be stated that irradiation of a solution of 
Boc-His(Dnp)-OH does not cause a τ-Ν-^-η-Ν Dnp shift, but a photolytic 
reaction The use of the Dnp group as a protecting agent thus has limitations, 
and, when used for syntheses in solution, is not without complications As 
shown in chapter IV, however, its application in solid phase syntheses is 
certainly feasible 
VII-1-3 SYNTHESES OF Z-Glu(OBuO-OH 
The synthesis of v-carboxyl-protected L-glutamic acid derivatives is, m general, 
very difficult and time-consuming, and the overall yields are rather low The 
direct formation of mono-esters, for example a benzyl or p-mtrobenzyl ester, 
is not very site-specific According to Halstrom et al. (25) the ratios of the 
a- and γ-esters formed are dependent on the method selected 
For the synthesis of the γ-tert-butyl ester using isobutene according to the 
method of Anderson and Callahan (2*) a blockade of the a-carboxyl group is 
necessary For this purpose the previously mentioned α-benzyl or a-p-nitro-
benzyl ester is used, which can be obtained, for example, by crystallization 
C02H 
(ÇHzb Ç02H 
Z-N-C-CO2H (ÇHzh 
H H HCHIL Z-N-C-C=0 ÇH3 
ё Г Ш
 СНз
-
с=с
Ч ?^ 
Z-N-Ç-C=0 
Ç02Bu' Щ 
|СН 2 ) 2 
z _ N _UtO. а0Н 
Α ή
 0Na
 "Θ 
Diagram VII.5 
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of a mixture of DCHA salts of the a- and γ-esters as was suggested by 
Nefkens and Nivard ( 2 7 ). Another method for temporary a-carboxyl protection 
was introduced m 1969 by Itoh ( 2 8 ). Th's makes use of the 5-oxazolidinone 
derivative, whereby a selective a-carboxyl protection is achieved The synthesis 
of Z-GluCOBuO-OH then follows diagram VII 5 
These two methods were compared. 
The synthesis of the tert-butyl-ester of benzyloxycarbonyl-L-glutamic acid, via 
the α-benzyl or a-p-mtrobenzyl ester, obtained according to Nefkens and 
Nivard ( 2 7 ), proved indeed to be time-consuming but reliable The overall yield, 
calculated from the starting-material L-glutamic acid, was at the most 2 0 % 
In a f irst attempt, the method of Itoh (2 e) could not be reproduced. In a second 
trial, the various steps were fol lowed with the aid of N M R This showed 
that the method employed for ring formation (diagram VII 5, step a) gave the 
required product when 3 7 % formaldehyde was used (figure ІІ-5) 
The diastereotopic rmg-methylene protons are clearly present in the A B 
pattern N M R also indicated that the ring remained intact after the reaction 
ί.90 ί.20 360 300 2 M IBP IZO 60 Oeps 
1 1 — 
<í 
> 
D 
ν 
2 3 
со2н 
Q-CH2-o-fc-N-i:-c=o 
0 0 сн2^олЬ) 
® 
Θ 
ι 
Θ 
.J 
(. 5 в 
DMSO J 
© 
V ^ J 
7 9 9 Ют 
β 7 6 5 4 3 2 1 Об 
Figure Vl l :5 
N M R spectrum of (S)-3-benzyloxycarbonyl-5-oxo-4-oxazolidme-propionic acid, dissol­
ved in D M S O - d with H M D S as reference The spectrum was obtained using a Vanan 
T60 apparatus 
120 
with isobutene - H 2 S 0 4 (diagram VII 5, step b) During the last steps however, 
(diagram VII 5, с and d) the fert butyl ester was split off 
This could have two causes either the long period of alkaline saponification 
required to remove the protecting group from the α-СООН, or alternatively, 
the use of too strong an acid (6 N HCl) for the acidification of the saponified 
solution To exclude the last possibility, a new synthesis was carried out in 
which citric acid was used for the acidification Z-Glu-OH was again formed 
in addition to the desired product, Z-GlufOBu^-OH 
Thus the saponification procedure (diagram VII 5, step c) seems very crit ical, 
and had clearly been too prolonged (Itoh ( 2 8 ), 4 hours) Racemization might be 
another consequence of such a long alkali treatment By fol lowing the saponi­
fication with chromatographic analysis, it was shown that the reaction time 
could be reduced to 1 5 hours (see further VII-2, experimental part) 
The overall yield under these conditions was about 12%, which is lower than 
that obta'ned by the previously described method, the procedure, however, 
is shorter and less tedious 
VII-2 E X P E R I M E N T A L PART 
For details concerning performance of measurements, thin-layer chromato­
graphy and abbreviations used, see appendices А В, С 
SYNTHESES OF THE AMINO ACID DERIVATIVES 
B0C-N3 
tert-Butyloxycarbonylazide was synthesized from 100 g (0 75 moles) of tert-
butyloxycarbonylhydrazide according to Carpino et al (2) After completion 
of the reaction the product was extracted with ether The combined ethereal 
extracts were washed several times with 1 N NaOH solution and then with 
water until neutral Next, the extract was washed with NaCI solution and dried 
with N a 2 S 0 4 and M g S 0 4 
In order to remove a coloured impurity from the product, the dried solution was 
fi ltered through a column fi l led with 75 g of neutral alumina At the top of the 
column, also during elution with ether, a brown band was retained if the 
solution was sufficiently dry In instances where coloured impurities appeared 
in the fi ltrate, the procedure was repeated The combined fractions were 
carefully evaporated at 35° on a water bath and at diminished pressure 
(9 cm Hg) The product still contained some ether 
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С5Н902Мз (143 15) 
Yield 96 g (89%) 
nD23 1 4193 Lit (2) no™ 1 4236 
d" 1 04 
Boc-Leu-OH 
This was prepared according to Schnabel f1), starting from 6 56 g (50 mmoles) 
of L-leucme The reaction time amounted to 4 hours at the apparent pH 10 5 
The product was obtained as the hemihydrate and was crystallized for iden­
tification 
Ο,,Η^ΝΟ, г H 2 0 (240 30) 
Yield 10 9 g (91%) Lit 0 97% 
Μ ρ 74° 78-81° 
T L C Rf = 0 03 (A), 019 (В), - RH+ 
Then the hemihydrate was dissolved in ethyl acetate, and the solution was 
washed with 10% citric acid, water, NaCI solution and dried with MgS0 4 
N-t-Butyloxycarbonyl-L-leucme was obtained as a colourless oil on evaporation 
of the solvent in vacuo 
Boc-Leu-OH . DCHA 
6 49 g (28 mmoles) of the oily N-t-butyloxycarbonyl-L-leucme were dissolved in 
ether and 66 g (120%) of dicyclohexylamme were added The crude product 
could be crystallized from dnsopropyl ether- petroleum ether, but the crystal­
lization required about 3 days 
C23H4 4N204 (412 62) 
Yield 97 g (84%) 
M p 113° 
[o] D -4 6 ± Г (с = 1 0 in MeOH) 
Boc-Gly-OH 
N-t-Butyloxycarbonylglycine was also prepared according to Schnabel f1) 
However, after acidification of the reaction mixture with citric acid, the aqueous 
layer was saturated with sodium chloride, before it was extracted with ether 
Isolation of the product was performed in the usual way 
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С7Н1эЫ04 (175 18) 
Yield 86% Lit Π 90% 
Μ ρ 88 - 92° 94 - 95° 
T L C Rf = 0 09 (A), 0 31 (B), 0 69 (D), 0 53 (E), - RH+ 
Analysis Caled С 47 99 Η 7 48 Ν 8 00 
Found C 4 8 1 Η 7 5 N 8 0 
Boc-Gly-OH . DCHA 
This salt was prepared as described for the synthesis of N-t-butyloxycarbonyl-
L-leucme dicyclohexylammomum salt Crystallization was possible from 
ether - dnsopropyl ether 
Ο , , Η , ^ Ο , (356 51) 
Yield 94% Lit (2') 67% 
Μ ρ 167° 168-169° 
T L C Rf = 0 07 (A), 0 28 (В), 0 74 (D), 
(Boc-Gly-OH) - RH+, HCl-Nh+ 
R, = 0 07 (А), 0 53 (В), 0 57 (D), (DCHA) - RH + 
Analysis Caled C 6 4 01 H 1 0 1 8 N 7 86 
Found С 64 1 H 10 3 Ν 79 
Boc-Gly-OMe 
A solution of diazomethane m ether (30) was added to a solution of 10 15 g 
of N-t-butyloxycarbonylglycine m the same solvent, until the yellow colour 
persisted Then the excess of diazomethane was destroyed with a few drops 
of acetic acid Finally the solution was washed repeatedly with NaCI solution, 
dried with № 2 8 0 4 and evaporated, the product remained as a light brown oil 
C e H 1 5 N0 4 (189 21) 
Yield 95% 
T L C Rf = 0 68 (B), 0 73 (D), - RH + 
Analysis Caled С 50 78 H 7 99 Ν 7 40 
Found C 5 0 1 Η 7 8 N 7 5 
Boc-Trp-OH 
This was also obtained by the pH-stat method f1) Crystallization from 
dnsopropyl ether-petroleum ether yielded white needles 
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C,4H2 0N2O4 (304 35) 
Yield 84% Lit f1) 84% 
Μ ρ 143° 135-137° 
[a] D -20 6 ± Γ -21 5° (с = 1 0 m HOAc) 
[a] D - 2 4 ± 1 ° (с = 1 0 m МеОН) 
T L C Rf = 0 05 (A), 0 21 (B), 0 79 (D), - RH+, UV254+ 
Analysis Caled С 63 14 H 6 62 Ν 9 20 
Found C 6 3 1 H 6 8 N 8 9 
H-Arg(N02)-OH 
Nitro-L-arginine was prepared according to the method described by Hofmann 
et al (31) 
C 6 H i 3 N 5 0 4 (219 20) 
Yield 73% Lit (31) 81 5% 
Μ ρ 265° 
[ α ] 0 +22 0 ± Г +24 3° (с = 1 0 m 2 N HCl) 
T L C Rf = 0 27 (В), 0 47 (D), - RH+, UVJ5i|+, Nh + 
Analysis Caled С 32 88 H 5 98 Ν 31 95 
Found С 32 5 Н 6 0 Ν 31 8 
Boc-Arg(N02)-OH 
For a better completion of the reaction a somewhat higher pH (10 5) appeared 
to be necessary than that recommended in the literature О After acidification 
of the reaction mixture and saturation with sodium chloride the product was 
extracted with ethyl acetate, from which it crystallized spontaneously The 
product contained % mole of the solvent 
C 1 1 H 2 1 N 5 0 4 У4 C 4 H 8 0 2 (341 35) 
Yield 88% Lit (4 93% 
M p 110-113° 123-125° 
[a] D -6 8 ± Г -5 6° (с = 1 0 in DMF) 
T L C Rf = 0 04 (В), 0 65 (D), 0 51 (E), - RH+, UV254+ 
Analysis Caled С 42 25 H 6 80 Ν 20 54 
Found С 42 4 Н 6 9 Ν 20 2 
Boc-Arg(N02)-ONAc 
This was prepared by a procedure similar to that used in the synthesis of the 
corresponding benzyloxycarbonyl-compound, described by Fujmo and Nishi-
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mura (9) The acetoxime required was synthesized in about 60% yield accord­
ing to Metzger (32) 
After filtration of the DCU formed, the filtrate was concentrated in vacuo The 
resulting oil transformed in high vacuum to a foamy solid Thin-layer chromato­
graphy showed that the product contained some lactam and DCU Two 
crystallizations from ethyl acetate yielded a product free from lactam However 
it still contained some DCU which was responsible for an incorrect elemental 
analysis 
(c = 0 92 in C H C y 
(c = 0 83 in DMF) 
(C = O) = 1760 cm ι (solvent CHCL,) 
0 5Θ (E), - RH+, UV254+ 
In the preparation of this compound according to Schnabel (') a light yellow 
oil was obtained Crystallization from dnsopropyl ether - petroleum ether 
could be realized by seeding 
C,<H2 6N6°, 
Yield 
M p 
W D 
M D 
IR 
T L C 
Boc-I 
4 (374 40) 
46% 
117° 
-181 ± Γ 
-26 1 ± Γ 
Vmcx   ι 
Rf = 0 62 ( 
3he-0H 
C 1 4 H 1 9 N0 4 
Yield 
M p 
[«ID 
T L C 
Analysis 
(265 31) 
69% 
88° 
-2 9 ± Γ 
Rf = 0 29 (B), 
Caled С 63 ЗЕ 
Found С 63 5 
Lit 0 ) 9 1 % 
84 - 86° 
-4 0° (с = 1 0 m HOAc) 
0 75 (D), 0 62 (E), - RH + 
Ι H 7 22 Ν 5 28 
H 73 Ν 52 
Boc-Phe-ONSu 
This 1-succinimidyl ester was prepared according to Anderson et al (é) It 
could be crystallized from dnsopropyl ether- isopropanol (1 - 1) 
C i eH?2N206 (362 38) 
Yield 86% Lit (6) 81 % 
Μ ρ 153° 153° 
[a] D -20 3 ± I o -19 0° (c = 0 76. 2 0 in dioxan) 
T L C Rf = 0 75 and 0 24 (decomp ) (B), - RH + 
Analysis Caled С 59 66 Η 6 12 Ν 7 73 
Found С 59 3 Н 6 3 N 7 5 
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Boc-His-OH 
31 04 g of L-histidme (200 mmoles) were suspended m a mixture of 80 ml of 
H 2 0 and 80 ml of dioxan. The pH was adjusted to 10.5 with 34 ml of 4 N NaOH. 
Then 31.2 ml of Boc-N 3 (110%) were added. The reaction started at once and 
the suspension was titrated in a pH-stat with 4 N NaOH. After 13 hours the 
reaction came to an end, the total consumption of 4 N NaOH amounted to 
about 126 ml (including the first 34 ml). 
The excess of Boc-N 3 was extracted with 3 χ 70 ml of ethyl acetate. After 
fi ltration of the aqueous solution through hyflo, it was concentrated by evap­
oration ti l l a thick precipitate was deposited (pH ca. 11). The precipitate was 
dissolved in a mixture of 60 ml of water and 200 ml of n-butanol with heating 
Then the clear two phase system obtained was cooled ti l l -15° to -17°. 
A precipitate appeared, and 118 ml of 4 N H 2 S 0 4 were added with stirring 
till the pH of the system was 5. 
After warming to room temperature again two layers were obtained. The 
n-butanol-phase was separated The aqueous layer, containing the sodium 
sulphate already formed, was further saturated with sodium chloride and ex­
tracted again with n-butanol (200 ml). The combined butanol extracts were 
fi ltered through hyflo, and the clear solution was evaporated in vacuo leaving 
a yellow-green oil. Upon drying in high vacuum, the product (38 17 g, 75%) 
was ultimately obtained as a crisp foam. 
It was dissolved in warm methanol (1 vol ). After f i l tration, 1 35 vol. of ether 
were added to induce crystallization. The product obtained (26 g, 51%) still 
contained some L-histidme. Therefore crystallization was repeated twice 
Finally 19 9 g of the pure product were obtained. 
Ο , , Η , ^ Ο , (255 27) 
Yield 19 9 g (39%) Lit. (зэ) -
M.p. 190-192° 191.5° 
[ a ] D + 2 4 4 ± Г (с = 1 0 ¡η МеОН) 
T.L С. R, = 0 37 (D), 0 23 (E), - RH+, P+ 
Analysis Caled С 51 76 Η 6.71 Ν 16.46 
Found С 51 8 Η 6.8 Ν 16 6 
Boc-His(Dnp)-OH 
This was prepared by a method essentially analogous to that of Chillemi and 
Mernf ield ( 1 4 ). 10 21 g (40 mmoles) of /Va-tert-butyloxycarbonyl-L-histidine 
were suspended in 65 ml of acetone and 5 ml of water, (pH 6) Upon addition 
of 4 N NaOH the solid gradually went into solution and the suspension became 
clear at apparent pH 8.5, 9.0 ml being required. After the addition of 7.07 g 
(38 mmoles) of 2,4-dinitrofluorobenzene dissolved in acetone the reaction 
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mixture was titrated with 1 N NaOH in a pH-stat. The reaction was completed 
after two hours, when 41 ml of NaOH had been added 
To make extraction possible, acetone was removed by partial evaporation of 
the reaction mixture, 50 ml of water were added and unreacted 2,4-dinitro-
fluorobenzene was removed by extraction with three portions of 70 ml of 
ethyl acetate The organic extract was washed once with water and discarded. 
The combined aqueous solutions were acidified by the addition of 25 4 g of 
citric acid (300 mol %, dissolved in as little water as possible), the final pH 
being 3 5 to 3 6 A red oil separated and was extracted from the water layer 
with 4 χ 70 ml of ethyl acetate. The combined ethyl acetate solutions were 
washed with water and NaCI solution and dried with Na2S04. 
After filtration, the clear red solution was evaporated leaving a dark red 
coloured oil, which upon drying in high vacuum transformed into a yellow-red 
foamy product (15 4 g, 91.4%) Three crystallizations from isopropanol gave 
beautiful, light-yellow crystals, containing 0 7 - 1 0 mole of isopropanol 
C1 7H ) 9N5O e . 0 8 СзН80 (469.44) 
Yield 11 g (58 6%) Lit. i14) 62% 
Μ ρ 114° 94° 
[a] D + 5 7 4 ± I o +553° (с = 1.0 m EtOAc) 
[a] D + 2 3 6 ± Г (с = 1 0 in MeOH) 
T L C . Rf = 0.12 (B), 0 60 (D), - RH+, UV25i|+ 
Analysis Caled С 49 70 H 5 46 N 1 4 90 
Found С 49 5 H 56 Ν 14.7 
Z-Glu-OH 
This was prepared according to the Schotten-Baumann acylation procedure, 
as described by Bergmann and Zervas (34) for the synthesis of Z-Gly-OH. 
The product was isolated as a colourless oil, which could be crystallized from 
dnsopropyl ether 
C,3H,5N06 (281 26) 
Yield 8 1 % Lit (34) 89% 
M p. 120- 121° 120-121° 
[a] D -157 ± Г (с = 1 0 m MeOH) 
T L C . Rf = 0 05 (B), 0 77 (D), 0 72 (E), - RH+-
Analysis Caled. С 55 51 Η 5 38 Ν 4 98 
Found С 55 6 Η 54 Ν 5.0 
Z-Glu(OH)-OBzl. DCHA 
This was prepared from N-benzyloxycarbonyl-L-glutamic acid with benzyl-
bromide and dicyclohexylamme, as described by Nefkens and Nivard (27) 
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(method b). The α-ester could be isolated as DCHA salt by fractional crystal­
lization of the reaction mixture from water-methanol ( 9 - 1 ) . 
Сз2Н4 4М206 (552.71) 
Yield 48% Lit. (») 70% 
M.p. 165° 162-164° 
[a] D -13.6° ± 1 -12.6° (c = 2 0 m CH3OH) 
T L C . R, = 0.08 (B), 0 8 (D), (Z-Glu(OH)-OBzl), - RH+-
R, = 0 40 (B), 0.55 (D), (DCHA), - RH + 
Z-GluCOBuO-OBzl 
The foregoing DCHA salt was converted into the free acid by suspending it 
in ethyl acetate and adding citric acid solution to the suspension. The ethyl 
acetate layer was washed with water, dried, and evaporated leaving the acid 
as a clear oil. Conversion into the v-tert-butylester was performed by reaction 
with isobutene with acid catalysis in a pressure bottle, according to Anderson 
and Callahan (26). With reaction mixtures containing 100 mmoles of the free 
V-acid, 100 ml of isobutene (b.p -9°), 1 ml of concentrated H 2 S0 4 and 150 ml 
of dichloromethane as a solvent too great an increase of the pressure could 
be prevented. 
The procedure was as follows· a-benzyl-N-benzyloxycarbonyl-L-glutamate dis­
solved in dichloromethane was brought into a pressure bottle. The bottle was 
cooled to -15°, concentrated sulphuric acid was added with stirring, and after 
cooling again for a few minutes, isobutene was added. A heavy precipitate 
formed The bottle was closed, and the suspension was stirred magnetically at 
room temperature till a clear solution was obtained 
After 3 days the reaction mixture was worked up as follows: the bottle was 
cooled, opened, the solution neutralized with triethylamme, and the excess of 
isobutene removed by passing a stream of nitrogen through the solution. 
After addition of some dichloromethane the solution was washed with water 
and NaCI solution, and dried with Na2S04. The solvent was evaporated leaving 
a yellow oil, which crystallized slowly (after 15 hours) from dnsopropyl ether-
petroleum ether. 
C 2 4 H 2 9 N0 6 (427.50) 
Yield 85% Lit. (35) 63% 
M p. 48 - 50° 40 - 44° 
[a] D -25.7° ± 1 ° Lit. (Э6) -20.8е (с = 1.0 in MeOH) 
T.L С R, = 0.84 (В), 0.84 (D), - R H + -
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Z-GluíOBuO-OH 
The foregoing product was dissolved in dioxan - water and saponified during 
20 m,n w.th an equimolar amount of NaOH. After isolation and purification by 
the usual procedures a low yield of the expected product was obtained. 
Thin-layer chromatography showed that hydrolysis had been incomplete. 
A half equimolar amount of NaOH was therefore added to the mixture, which 
was worked up after an additional 20 min. After extraction of neutral products 
and acidification, the free acid could be crystallized from n-dibutyl ether after 
seeding 
С1 7Н2зМ06 (337.37) 
Yield 50% Lit. (35) 80% (oil) 
M.p. 85-87° Lit. (36) 85 - 86° 
[a] D -11.9 ± Г -16.3° (с = 1.0 in MeOH) 
T.L.C. Rf = 0.1 (A), 0.25 (B), 0 74 (D), 0.69 (E), - RH+-
Analysis Caled. С 60.52 H 6.87 Ν 4.15 
Found С 60.3 Η 6.9 Ν 4.1 
Z-Glu(OH)-ONb. DOHA 
This was prepared by a procedure similar to that already described for the 
synthesis of the dicyclohexylammomum salt of the corresponding a-benzyl-
ester. 
С з 2 Н 4 з ^ О в (597.71) 
Yield 4 1 % Lit. P ) 65% 
M.p. 152-155° 155-156° 
[a] D -6.5° ± Г -7.6° (с = 2.0 in C H C y 
[a] D -4.7° ± Г Lit. (37) -4.4° (c = 2.0, 0.95 in MeOH) 
T.L.C. Rf = 0.90 (D), (Z-Glu(OH)-ONb) - RH+-, UV2 5 4+ 
Rf = 0.71 (D), (DCHA) - RH + 
Analysis Caled. С 64.30 Η 7.25 Ν 7.03 
Found С 64.3 Η 7.2 Ν 6.9 
Z-GHOBuO-ONb 
After decomposition of the foregoing salt in the usual way, the γ-tert-
butylester was prepared as described in the case of the corresponding 
a-benzylester. 
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C2<H2eN2Oe (472 49) 
Yield 84% 
Μ ρ 82 - 86° 
[a] D -11 7° ± Г (с = 1 0 m MeOH) 
T L C Rf = 0 88 (А), 0 96 (В), - RH+, UV2S4+ 
Analysis Caled С 61 01 H 5 97 N 5 93 
Found С 61 2 Н 5 8 N 5 9 
Z-Glu(OBul)-OH 
The hydrolysis of the a-benzylester by the saponification procedure described 
gave a rather low yield The procedure described by Tesser and Nivard (3B) 
was therefore used in this case 23 62 g (50 mmoles) of a-p-mtrobenzyl-v-tert-
butyl-N-benzyloxycarbonyl-L-glutamate were dissolved in 150 ml of dioxan and 
25 ml of water The apparent pH 8 5 of the solution was kept constant for 8 5 
hours by the addition of 1 N NaOH (48,6 ml) m a pH-stat 
After working up 15 20 g of an oil were obtained (90%) Crystallization from 
n-dibutyl ether gave 11 7 g of the pure product 
C17H23NOé (337 37) 
Yield 70% Lit («) 80% (oil) 
Μ ρ 84 5 - 86 5° Lit (36) 85 - 86° 
[a] D -12 8" ± ι - -163° (с = 1 0 m MeOH) 
T L C Rf = 0 25 (В), - RH+-
Analysis Caled С 60 52 H 6 87 N 4 15 
Found C 6 0 3 H 6 8 N 4 3 
Z-Glu(OH)-0 
LcH.J 
This compound was prepared according to the method described by Itoh (28) 
Instead of 2 5 g of paraformaldehyde per 50 mmoles of N-benzyloxycarbonyl-
L-glutamic acid, 5 g of a 37% formaldehyde solution were used The product, 
(S)-3-benzyloxycarbonyl-5-oxo-4-oxazolidine-propionic acid, was isolated as an 
oil 
C 1 4 H, 5 N0 6 (293 27) 
Yield 76% Lit (2e) 98% (oil) 
T L C Rf = 0 61 (B), - RH+-
N M R AB pattern, ring-methylene protons 
(figure VII 5) δ = 544 
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Ζ-ΟΙυ(ΟΒυ*)-0 
LcH.J 
The preparation of this compound, fert-butyl-(S)-3-benzyloxycarbonyl-5-oxo-4-
oxazolidme-propionate, was performed by the tert-butylation procedure de­
scribed before It was isolated as a pale yel low oil 
С 1 8 Н 2 з М 0 4 (349 38) 
Yield 100% 
T L C Rf = 0 71 (B), - R H + -
N M R Ring-methylene protons δ = 5 4 4 
tert-butyl protons δ = 1 60 
Z-GMOBuO-OH . DOHA 
The saponification of the α-ester bond m the foregoing product was attempted 
by the procedure described by Itoh (2 8) 
In a preliminary experiment it appeared possible and even necessary, m certain 
respects, to deviate from this method Thin-layer chromatography showed that 
hydrolysis of the pertinent ester bond was incomplete after 4 hours, moreover 
no increase of the desired product could be observed after 1 5 hours 
After the hydrolysis the reaction mixture was brought to pH 7 with 1 N HCl, 
and the solution was concentrated under reduced pressure After the addition 
of ethyl acetate the product was extracted with 5 % N a H C 0 3 solution The 
extract was washed with ethyl acetate and then acidified to pH 3 2 with 5 0 % 
citric acid, m stead of 6 N HCl, to prevent cleavage of the γ-tert-butylester 
The free acid was extracted from its aqueous solution with ethyl acetate 
The organic layer was washed with water and NaCI solution, and dried with 
N a 2 S 0 4 Evaporation of the solvent gave an oily residue During further evapo­
ration in high vacuum some paraformaldehyde sublimed from the oil 
Thin-layer chromatography showed that the oil contained, besides the desired 
product, quite a lot of N-benzyloxycarbonyl-L-glutamic acid To separate the 
components under mild conditions, the mixed acids were converted into their 
dicyclohexylammomum salts in an ethereal solution 
Most of the undesired bis-dicyclohexylammomum salt of N-benzyloxycarbonyl-
L-glutamic acid crystallized after 0 5 to 2 5 hours and was separated After 
24 hours the crude dicyclohexylammomum salt of v-tert-butyl-N-benzyloxycar-
bonyl-L-glutamate was collected 
Recrystallization from water gave a pure crystall ine product, though in low 
yield 
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C 2 9 H 4 6 N 2 0 6 (518 69) 
Yield 2 0 % Lit ( 2 8 ) 4 5 8 % 
Μ ρ 139-142° 138-140° 
[ a ] D + 6 4 ± 1 0 ° + 6 Γ (с = 1 О, 3 9 in МеОН) 
T L C Rf = 0 3 (В), (Z-Glu(OBu<)-OH), R H + -
Analysis Caled. С 67 15 H 8 94 N 5 40 
Found С 67 1 Н 9 2 N 5 4 
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CHAPTER Vili EPILOGUE 
VIII-1 GENERAL DISCUSSION 
VIII-1-1 FEATURES AND LIMITATIONS OF THE SOLID PHASE METHOD 
The introduction of solid phase peptide synthesis by Mernfield in 1962 rapidly 
divided peptide chemists into two opposing camps, a sceptical group which 
preferred to be guided by the (according to Fankhauser and Brenner C1)) 
age-old wisdom of the alchemists "Corpora non agunt nisi fluida", and 
another very enthusiastic group which thought itself to be equipped with a 
new uncomplicated procedure suitable for the synthesis of the whole variety 
of biologically active peptides 
Thus, the latter group started to apply the whole methodology of conventional 
peptide synthesis in this new technique Disappointing results then obtained 
enlarged the scept'cism of their opponents, or as formulated by Fankhauser 
and Brenner "The journey away from solution chemistry did not lead to solid 
phase dreamland" 
Indeed, it is now becoming clear that solid phase synthesis needs its own 
methodological investigations 
Our investigations revealed the following data about differences in applicability 
of known procedures between synthesis in solution and solid phase synthesis 
- form,с acid, useful for cleavage of the Boc group in conventional synthesis 
fails completely in the same reaction during the solid phase procedure 
(chapters III and VI) 
- the triphenyl phosphite - imidazole method, a successful coupling technique 
in classical synthesis, is unsuitable for the incorporation of Boc-Arg(N02) 
m the solid phase synthesis (chapters IV and VI) 
- photolytic degradation of Boc-His(Dnp)-OH, occurring in solution is not 
observed if this compound is used m solid phase synthesis (chapters IV 
and VII) 
- serious degradation and racemization of peptides, observed in solution in 
alkaline media appeared not to occur during the alkaline cleavage of pep­
tides from the solid supports (chapters IV and V) 
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All these differences illustrate that special reactivities of compounds in solution 
can be reduced when the compounds concerned are incorporated into a 
resin, some desired reactions can no longer be performed under the same 
conditions, whereas unwanted side-reactions are sometimes well suppressed 
Therefore it is necessary to re-evaluate the techniques of classical synthesis 
when employed in the solid phase procedure 
The limitations imposed by the use of insoluble solid supports are consequen-
ces of hindered permeation {via mechanical transport and diffusion), of stencal 
interference by the voluminous resin or shriveling of the peptide chains, and 
of the existence of a "m.cro environment" differing from the bulk of the 
solution (chapter V). 
The success of a synthesis depends on good reagent transport into and 
adequate solvation of the /oc; involved in the reaction 
The swelling capacity of the resin is therefore of great importance With 
regard to th s phenomenon investigations have been carried out by Losse (2), 
who measured the penetration of Boc ammo acids into ammo acyl polymers 
of different character 
During a peptide synthesis, however, the swelling capacity varies continually, 
because the increasing peptide/resm ratio imposes a character of varying 
lyophilicity on the peptide resin complex 
Thus, starting from 2 g of a Boc ammo acyl resin with an incorporation of 0 5 
mmole/g of resin the contribution of the peptide to the total weight is about 
12 5% and the resm 87 5%, on an average hexapeptide level the contribution 
of the resin has decreased to 6 3 % , at the undecapeptide stage the peptide 
and resin have equal weights, and at the nonadecapept de level the con-
tribution of the peptide to the total weight of the peptide resin complex 
amounts already to 6 3 % 
Therefore, particularly m the synthes s of longer peptides a systematic control 
of the swelling capacity of the peptide resin complex seems necessary, as 
has already been lecommended by Fankhauser and Brenner Q) 
Lengthening of peptide chains on a res'n might also increase the macces-
sib lity of the peptide reaction sites, which might lead to failure or truncated 
sequences when the reduced accessibility is respectively temporary or 
permanent 
Particularly m the solid phase synthesis of longer peptides, purification of 
the end-product may then become difficult or even impossible, because of the 
strong resemblance of the failure sequences to the desired product 
In view of these difficulties, Sheppard (3) recently stated that at this moment 
the possibilit ies of the solid phase technique in the synthesis of pure peptides 
or proteins do not reach further than, at most, the decapeptide stage 
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Further reaching applications still need more extensive fundamental invest-
igations, or as formulated by Fankhauser and Brenner (') 
"Habits grown in dealing with solution chemistry are not necessarily 
adequate when applied to solid phase synthesis and analysis Com-
prehension of problems as well as of results must be duly readjusted 
There is an urgent need for solid phase thinking which means adap-
tation of thought, imagination and inventiveness to the implications 
of virtual non-existence of a solid phase and to the implications of 
multiphase chemistry" 
Therefore (according to Sheppard (3)) the solid phase technique can, at the 
moment, be most usefully applied to the synthesis of partial sequences v/a 
procedures which permit cleavage of N-termmal and side-chain protected 
peptides from the resin, the peptides obtained can then be used for further 
fragment condensation by classical procedures 
We subscribe to these opinions, as may appear from the restricted aim of 
the present investigation 
VIII-1-2 SUMMARY AND CONCLUSIONS 
Chapter I gives a general survey of resins used m the solid phase synthesis 
of peptides and the methods for the attachment of ammo acids to these 
supports 
At the end of this survey a new support, a 2-hydroxyethylsulphonylmethyl 
polymer ("ß-sulphone resin") is introduced, which has been the subject of this 
investigation 
In order to examine the usefulness of the ß-sulphone resin m solid phase 
syntheses of relatively small protected peptides, the resin has been used in 
the synthesis of a protected a-ACTH-(5-10)-hexapeptide via a manual and an 
automated procedure The results have been compared with those of an 
automated synthesis of the same protected hexapeptide on the known 
"Mernf ie ld resin" 
The choice of this particular hexapeptide was made for several reasons In 
the past our department has made several contributions to the understanding 
of the biological function of partial sequences of the ACTH molecule The 
(5-10)-hexapeptide appears to be an essential part, containing the hormonal 
message Furthermore, it is a common intermediate in the preparation of ACTH 
itself and nearly all ACTH analogues Finally, its composition is interesting 
for synthetic investigations because of the presence of several ammo acids 
(Glu, Arg, His, Trp) which raise special problems in preparative procedures 
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Chapter II describes the synthesis of the Boc amino acyl polymers 
The ß-sulphone resin could easily be prepared from the Mernf ield resin by 
treatment with sodium 2-hydroxyethylmercaptide in ammonia, fol lowed by 
oxidation with pertrif luoroacetic acid 
For the attachment of the first ammo acid derivative to the Mernf ield resin an 
improvement of the usual method was found Coupling of a Boc amino acid 
as its DCHA salt m DMF as the solvent yielded a Boc ammo acyl polymer, 
free from the base employed and with optimum incorporation values, after 
relatively short estenfication times The attachment of Boc-Gly to the Mernf ield 
resin m this way was proportional to the estenfication time so that the in-
corporation could be controlled quite well 
Attachment of an ammo acid residue to the ß-sulphone resin was carried out 
with DCC In this case the incorporation did not increase linearly with the 
time, and appeared to be reduced on enlargement of the scale 
The OH groups remaining m the resin after the coupling step could be 
blocked with acetic-formic anhydride 
The course of all reaction steps in the preparation of the ß-sulphone resin 
and the couplings with the first ammo acyl residues were fol lowed by I R 
spectroscopy 
For cleavage of the amino acid residue from the ß-sulphone resin an alkaline 
reagent, composed of dioxan, methanol and 4 N NaOH, proved most suitable 
Application of th's reagent to the Mernfield resin-bound Boc ammo acids 
also caused cleavage from the resin, wh'ch m th's сазе, however, was far 
from complete 
Chapter III reports the results of investigations concerning the cleavage of the 
Boc group used for the protection of the a-ammo function of the ammo acids 
incorporated into the resin 
From deprotection experiments in solution with Boc-Trp it appeared that 
98 - 1 0 0 % H C O O H and BFj OEt 2 m CH3COOH/HCOOH (1 1) are very useful 
reagents for cleavage of Boc groups from peptides containing this acid-
sensitive ammo acid Both reagents gave, under mild conditions, a pure 
product, completely free from the Boc group 
For deprotection experiments in solid phase synthesis Boc-Gly, bound either 
to the Mernf ield or to the ß-sulphone resin, was used I R spectroscopy of 
the remaining resins and T L C analysis of the products indicated, however, 
that HCOOH did not split off Boc groups from an ammo acid bound to the 
supports, but that satisfactory results were obtained with BF3 OEt 2 /CH 3COOH/ 
HCOOH 
Chapter IV deals with the three solid phase syntheses of the hexapeptide 
For temporary protection of α-amino groups the Boc group was employed 
For S'de-cham protection of the a-ACTH-(5-10)-hexapeptide the nitro group 
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and the 2,4-dinitrophenyl group were used for Arg and His, respectively The 
γ-COOH of Glu was protected as a tert-butyl ester 
The programmes used in the automated solid phase procedures were derived 
from the results of a manual solid phase synthesis, carried out with the 
ß-sulphone res.η During this manual synthesis the couplings of the subsequent 
amino acid derivatives were performed with DCC, with the exception of that 
of Boc-Arg(N0 2 )-OH, where the triphenyl phosphite - imidazole method was 
used 
Cleavage of the Boc group was monitored m all stages of the synthesis by 
I R spectroscopy and T L C , and proved to be complete in each case. 
The product of the manual synthesis appeared rather heterogeneous, probably 
as a consequence of an incomplete incorporation of the Arg residue via the 
triphenyl phosphite - imidazole method, and also because of unwanted side-
reactions proceeding during the rather long time intervals (needed for analy­
tical procedures) between the cleavage of Boc groups and the subsequent 
coupling steps. 
In the solid phase syntheses, performed with the Schwarz BioResearch Auto­
mated Peptide Synthesizer, all coupling steps were therefore carried out 
with D C C and the synthetic procedure was not interrupted between the de-
protection and coupling steps 
It deserves attention that the light-sensitivity of Boc-H:s(Dnp)-OH, known 
from its use in solution, apparently does not interfere with its use in solid 
phase synthesis 
Very satisfactory results were obtained during the automated procedure with 
both resins I R spectroscopy and T L C analyses after each elongation step 
and the weight increase of the peptide resin complex at the end of the 
synthesis revealed that the coupling steps proceeded to completeness, and 
intermediates and end-products were identical to the relevant reference com­
pounds prepared by class'cal procedures. 
Thus it appeared that, in addition to the improvements concerning the syn-
thet'c procedure, the advantages of the Peptide Synthesizer were, in particular, 
responsible for the much better products in comparison with the results of the 
manual procedure 
Chapter V is devoted to the liberation of the protected hexapeptides from 
their solid supports 
The imidazole protecting Dnp group was always eliminated prior to this step, 
because H.s protection is not necessary if the liberated hexapeptide deriva­
tive is applied in fragment condensations in solution, and cleavage of the 
Dnp group from the peptide resin has the advantage that the liberated Dnp 
derivativo сап be removed by simple washings It appeared that for cleavage 
of the Dnp group thiophenol/DMF (1 : 9 ) was the most suitable reagent 
It was anticipated that the cleavage of the peptide-resm bonds with an alkaline 
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reagent might cause unwanted side-reactions e g degradation via transpep-
tidation, and racemization Investigations into the occurrence of such side-
reactions demonstrated again a striking difference between the alkali-sensitivity 
of the hexapeptide in solution and bound to a solid support It appeared that 
the hexapeptide is protected against degradation as long as it is bound to 
the polymer 
The first degradation step m solution does indeed appear to occur via 
transpeptidation It was found that the occurrence of such a transpeptidation 
depends on the ammo acid sequence, and is probably particularly favoured 
by the presence of a Glu-His sequence in which the neighbouring imidazole 
moiety can participate in the transpeptidation at the Glu residue 
The investigations reported in the literature on racemization of peptides cor-
responding in sequence to the present hexapeptide show the occurrence of 
racemization m most of the ammo acid residues on treatment with alkaline 
reagents, though under relatively extreme conditions 
The hexapeptide fractions obtained after short treatments of the resin with 
the cleaving reagent always showed, however, the specific rotation of an 
optically pure product 
Limitation of the cleavage time to 3 minutes minimizes the time that the free 
hexapeptide is m solution and under these circumstances degradation and 
racemization are prevented since the peptide chains bound to the resin seem 
to be protected against these side-reactions 
In order to make the session quite complete the cleavage step was carried 
out 4 times It was found that cleavage was promoted by intensification of the 
agitation during the alkaline treatment The cleavage was easier with the 
ß-sulphone resin, at higher agitation rates even one cleavage step appeared 
to be sufficient for rather complete detachment of the peptide from this resin 
All product fractions thus obtained showed equal purity m Τ L С analyses 
and the same specific rotations and melting points 
An interesting result of all cleavage experiments was that the product mixtures 
contain the hexapeptide as a free acid as well as its methyl ester The 
acid/ester ratio varies with varying agitation rates and with variations m the 
composition of the cleaving reagent We think that this phenomenon has to 
be ascribed to the existence of a "micro environment" in the resin as a 
consequence of differences in permeation of the basic species f C H 3 0 — and 
OH—) present m the reagent 
Based on this supposition a possible cleavage mechanism has been given 
for the cleavage of peptides from the supports, on account of their better 
penetration qualities, C H 3 0 — ions seem to be responsible for scission of the 
peptide-polymer bond 
This cleavage may proceed in two different ways by transestenfication and 
ß-elimmation in the case of the ß-sulphone resin, and by transestenfication 
and nucleophilic substitution (Вді і ) with the Mernf ie ld resin 
139 
An additional quantity of the free acid may then arise by the subsequent 
saponification of the free methyl ester m solution 
Finally, the properties of the hexapeptides are given together with the yields 
of the whole synthesis, starting from the Boc-glycyl polymers These yields 
were 66% for the ß-sulphone and 76% for the Mernfield resin 
The whole syntheses, neglecting the interruptions for analyses, needed only 
78 hours It may therefore be concluded that the synthesis of the hexapeptide 
is quite feasible with both resins, and that the hexapeptides thus obtained 
are of equal quality 
The only advantage of the ß-sulphone resin in this synthesis compared with 
the Mernf ield resin appeared to be the somewhat easier detachment of the 
protected peptides, but the difference is not very important because the same 
cleavage reagent can be applied m syntheses with the Mernfield resin In fact 
the programmes used in the automated syntheses on both resins have been 
the same in every detail 
Chapter VI reports the classical synthesis of the hexapeptide derivative and 
its intermediates which have been used as reference compounds m the solid 
phase syntheses 
In general the peptides were synthesized by stepwise elongation starting 
with the C-termmal glycine methyl ester 
For protection both of the a-NH2 function and the side-chains the same 
protecting groups were used as in the solid phase syntheses, with the ex-
ception of His which was employed without a side-chain protecting group 
When possible, cleavage of the Boc group was done with formic acid, and 
special attention was paid to the feasibility of the formates obtained during 
working up the cleavage mixture in the next steps The possible catalytic 
role of the formic acid, present if peptide formates were used directly in the 
subsequent coupling with an active ester of the next amino acid, was in-
vestigated 
In the synthesis of a model peptide it appeared that in the presence of formic 
acid, 1-succimmidyl esters can be used as an alternative to oxime esters 
The couplings in the syntheses of the reference compounds carried out in the 
presence of formic acid showed, however, a varying success Therefore, it is 
concluded that coupling of peptide formates cannot be regarded as a generally 
useful method m peptide synthesis 
For the coupling of Boc-Arg(N0 2 ) -OH the tnphenyl phosphite - imidazole 
method appeared very useful, m contrast to its limitations m the solid phase 
procedure 
Chapter VII describes the synthesis of the parent ammo acid derivatives used 
in the syntheses of the hexapeptide 
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In this chapter a new synthesis of AKBoc-His-OH is described By N M R 
spectroscopy it has been demonstrated that the Dnp group m Boe His(Dnp)-OH 
is linked via the te/e-W-atom. 
With regard to the light-sensitivity of the compound a photochemical in­
vestigation was carried out A solution of Boc-His(Dnp)-OH was irradiated 
and aliquots were analysed It appeared that in solution a photolytic reaction 
indeed occurred 
Finally, attempts have been made to s.mplify the laborious synthesis of 
the 7-tert-butyl ester of N-benzyloxycarbonyl-L-glutamic acid, starting from 
L-glutamic acid 
For that purpose the synthetic procedure introduced by Itoh was thoroughly 
investigated, in our hands, however, the overall yield using the Itoh method 
was much lower than in the conventional synthetic procedure The Itoh method 
is, however, certainly less laborious and less time-consuming 
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APPENDIX A MEASUREMENTS A N D CALCULATIONS 
Measurements: 
Melting points were determined with a Heiztisch Microscope (Leitz), are 
uncorrected and represented in °C. 
Specific rotations were always measured with a Zeiss-Wmkel Polarimeter, 
unless otherwise indicated. The rotation measurements were carried out at 
22° С 
I.R. spectra were recorded on a Perkin-Elmer 257 infrared spectrophotometer. 
For measurements on resin compounds KBr pellets were used, which were 
generally composed of about 7 mg of the resin and 170 mg of KBr. 
N.M.R. spectra were, unless otherwise indicated, recorded on a Varían 
HA-100 apparatus with HMDS as internal reference. 
U.V. spectra were recorded on a Cary-15 spectrophotometer. 
Elemental analyses were carried out by the Analytical Section of the Depart-
ment of Organic Chemistry (headed by Mr. J. Diersmann). Analytical samples 
were dried in vacuo over P205 at 50 - 60° C. 
Ammo acid analyses were performed by the departments of Dr. J. J. Th. 
Gerdmg and Mr. M G. J. Buys. 
Ca/cu/at/ons: 
For calculation of the incorporation values related to the unsubstituted resins, 
the following formulas (S. Visser, Thesis, Leiden (1970)) have been used: 
X С 
= С or X = 
1 - X . M . IO 3 1 + С . M . IO3 
in which: Χ = incorporation value expressed in mmole/g of substituted 
resin 
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С = incorporation value expressed in mmole/g of substituted 
resin 
M = molecular weight of the newly introduced residue 
(The value X decreases during the synthesis whereas the value С remains 
constant, provided that the reaction under investigation proceeds quantita­
tively ) 
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APPENDIX В TLC. DATA 
For thin-layer chromatographical analyses pre-coated silica gel plates with a 
f luorescence indicator (Merck, F254) were generally used. 
To develop the chromatograms the following solvent systems were employed: 
A = benzene - acetone ( 1 - 1 ) 
В = chloroform - methanol ( 4 - 1 ) 
С = chloroform - methanol ( 9 - 1 ) 
D = n-butanol - acetic a c i d - w a t e r ( 4 - 1 - 1 ) 
E = n-butanol - acetic acid - water ( 1 0 - 1 - 3 ) 
F = n-butanol - pyridine - acetic acid - water ( 1 6 - 3 - 1 - 4 ) * 
G = chloroform - methanol - 1 7 % (w/v) ammonia ( 4 1 - 4 1 - 1 8 ) 
*) The pyridine present on plates developed in system F was removed by 
spraying with 2 5 % ammonia (w/v) and subsequent heating at 100° С before 
detection of the components was carried out. 
Methods used for detection of components were: 
UV 2 S 4 quenching of f luorescence after excitation of the plates at 
254 nm 
UV 3 5 0 (UV3 6 ( 5) emission of L-tryptophan-containing peptides after excitation 
at 350 or 366 nm 
Nh mnhydrm reagent 
HCI-Nh detection with the nmhydrin reagent after prior exposure 
(about 10 mm) of the plate to HCl gas 
RH Remdel Hoppe test (chlorine - o-tolidme treatment) 
Ρ Pauly reagent 
X+, X + — , X - (or X, + , + - , - ) mean a positive, weakly positive, or negative 
response to detection method X, respectively. 
Reagents and experimental techniques: 
Nh) The nmhydrin reagent used to detect ammo acids or peptides with free 
amino groups was composed of 240 mg of ninhydrin in 400 ml of n-butanol 
and 16 ml of 100% acetic acid. 
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After spraying the chromatograms with the reagent the plates were heated 
in an oven at 100° С for 15 minutes 
RH) In the Remdel Hoppe test -NH2- and -NH-contaimng products (e g amide 
bonds) were detected as follows 
- after treatment of the plates with acetic acid, they were exposed to 
chlorine, either by spraying with a 2% NaOCI solution or by placing 
them in an chlorine atmosphere for 7 minutes Then the excess of 
chlorine was removed with a hair-dryer alone or by a hair-dryer after 
prior spraying with ethanol 
- the spots could then be visualized by spraying with a reagent com­
posed of a solution of 4 g of o-tolidme in 80 ml of 100% acetic acid 
and 320 ml of water, mixed with a solution of 3 36 g of Kl m 400 ml 
of water 
P) The Pauly reagent was used for the detection of His or His-containmg 
peptides with unprotected imidazole groups 
A freshly prepared solution of diazotized sulphamlic acid (about 50 mg 
of the moist compound) in 10 ml of 5% Ма2СОз was used 
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APPENDIX С ABBREVIATIONS 
The abbrev ations used for the amino acid residues and the notation of 
peptides are mainly those recommended by the IUPAC-IUB Commission on 
Biochemical Nomenclature (Recommendations (1971), Biochemistry, 11, 1726 
(1972)) 
For the des gnation of the various resins and resm-bound peptides a new 
system of abbreviations has been used based on a general formula 
X-[AC]-(P)Y 
in which 
(P) represents the polymer back-bone, viz copolystyrene -
2% divinylbenzene, 
[Ac] indicates the nature of the anchoring chain, bound to the polymer 
[M] = -CH2- (Mernfield type) 
[Esm] = -CH2-CH2-S02-CH2-, 
X is the substituent of interest, bound to the anchoring chain e g CI- or 
HO-, the anchoring groups in unsubstituted resins, and ammo acyl 
residues such as Boc-Gly-O- or peptides (linked via an ester bond) in 
substituted resins, 
Y ind'cates the other substituents bound via the anchoring chains to the 
resins, e g anchoring groups left after incomplete attachment of the first 
am,no acid (CI- and HO-) and subsequent formylation (FO- = HCO-0-) 
Accord ng to th s system the following abbreviations have been used (see also 
diagram II 7) 
(P) = copolystyrene - 2% divinylbenzene 
(P') = des-phenyl copolystyrene - 2% divinylbenzene 
CI-[M]-(P) = chloromethyl polymer = chloromethylated 
copolystyrene - 2% divinylbenzene 
X-[M]-(P)a = incompletely substituted CI-[M]-(P) 
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HO-[Etm]-(P) 
HO-lEsm]-(P) 
X-[Esm]-(P)Ho 
X-[E8m]-(P)FO 
2-hydroxyethylthiomethyl polymer = 
2-hydroxyethylthiomethylated copolystyrene 
2% divmylbenzene 
2-hydroxyethylsulphonylmethyl polymer 
incompletely substituted HO-[Esm]-(P) 
formylated X-[Esm]-(P)Ho 
For practical reasons (in the text, tables, etc ) trivial (non-systematic) names 
and formulas are used as 
- "Mernfield resin" is used as a general name for substituted as well as 
unsubstituted resins containing the -CH2- group as anchoring chain, and is 
abbreviated as [M]-(P) 
- "ß-su/phone resin" is used as a general name for substituted as well as 
unsubstituted resins containing the -CH2-CH2-S02-CH2- group as anchoring 
chain, and is abbreviated as [Esm]-(P) 
- "RESIN' is used as abbreviation for both types of supports ( = [M]-(P)ci or 
[Eem]-(P)ro) 
List of other abbreviations 
AA, H-AA-OH 
ACTH 
ah-ACTH 
ap-ACTH 
a-ACTH 
Bmv 
BF3 OEt2 
Boc 
Boc-TF 
BTA-CI 
BTA-OH 
t-BuOH 
Bzl 
dansyl 
DCC 
DCHA 
DCU 
DIEA 
DME 
ammo acid 
adrenocorticotropic hormone 
human ACTH 
porcine ACTH 
abbreviated ACTH-cham (eg 1-24), not species-specific 
2-benzoyl-1-methylvinyl 
borontrifluonde etherate 
tert-butyloxycarbonyl 
2,2,2-tnfluoro-/V-t-butyloxycarbonyl-aminoethyl 
benzyl-tnmethylammonium chloride 
benzyl-trimethylammonium hydroxide 
tert-butanol 
benzyl 
5-dimethylamino-naphthalene-1 -sulphonyl 
N./V'-dicyclohexylcarbodnmide 
dicyclohexylamme 
Ν,Λ/'-dicyclohexylurea 
dnsopropylethylamme 
1,2-dimethoxyethane 
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DMF 
DMSO 
DMSO-dé 
Dnp 
EtOAc 
ЕЮН 
EtjN 
FO 
HMDS 
HMPA 
HOAc 
HOBt 
Im, im 
LH-FSH/RH 
MeOH 
cc-MSH 
OBu« 
OBzl 
OMe 
ONAc 
ONb 
ONp 
ONSu 
i-PrOH 
t-RNA 
TFA 
THF 
T L C . 
Tos 
Ζ 
Z-TF 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
/S/,N-dimethylformamide 
dimethylsulphoxide 
deuterated dimethylsulphoxide 
2,4-dinitrophenyl 
ethyl acetate 
ethanol 
triethylamine 
formyloxy 
hexamethyldisiloxane 
hexamethylphosphotnamide 
acetic acid 
1 -hydroxybenzotriazole 
imidazole 
luteinizing hormone, follicle-stimulating hormone / 
releasing hormone 
methanol 
melanotropic hormone 
tert-butoxy 
benzyloxy 
methoxy 
acetoximyl 
p-mtrobenzyloxy 
p-mtrophenoxy 
succimmido-oxy (1-succinimidyl) 
isopropanol 
transfer ribonucleic acid 
tnfluoroacetic acid 
tetrahydrofuran 
thin-layer chromatography 
p-toluenesulphonyl 
benzyloxycarbonyl 
2,2,2-trifluoro-N-benzyloxycarbonyl-ammoethyl 
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SAMENVATTING 
In 1962 introduceerde Merrifield de vaste-fase techniek voor de synthese van 
peptiden Deze synthesemethode, ook wel Mernfield-methode genoemd, gaat 
uit van een onoplosbare vaste drager waarmee het C-termmale aminozuur 
van het te synthetiseren peptide covalent wordt verbonden Door koppelingen 
met de opeenvolgende aminozuurderivaten kan dan de gewenste peptideketen 
worden verkregen, waarna deze van de vaste drager wordt afgesplitst 
De methode leek zich bij uitstek voor automatisering te lenen, zodat m b t 
de introductie van deze syntheseprocedure met recht van een stroomversnel-
ling m de synthese van peptiden kan worden gesproken Een snellere, tijds-
besparende en minder omslachtige synthese van peptidehormonen, neuro-
peptiden, peptideantibiotica e d is immers van groot belang voor de medische 
wetenschap De nieuwe methode heeft dan ook inmiddels tot een grote uit-
breiding van de research betreffende de synthese van peptiden geleid. 
In het onderzoek, beschreven m dit proefschrift is de bruikbaarheid van een 
nieuwe vaste drager, een 2-hydroxyethylsulfonylmethyl-polymeer ("ß-sulfon-
hars") voor de synthese van beschermde peptidefragmenten via de vaste-fase 
methode onderzocht. 
De gemakkelijke afsplitsing van de gesynthetiseerde peptiden van deze 
drager, onder zeer milde omstandigheden (0 1 N base, gedurende korte tijd) 
leek een aantrekkelijk voordeel van deze drager. 
De nieuwe drager is gebruikt voor de synthese van het beschermde a-ACTH-
(5-10)-hexapeptide 
Dit hexapeptide is als object gekozen, enerzijds omdat de samenstelling van 
dit peptide een aantal specifieke problemen bij de vaste-fase synthese met 
zich meebrengt, en anderzijds omdat het een belangrijk tussenprodukt bij de 
totaal-synthese van het adrenocorticotrope hormoon en de daarvan afgeleide 
analoga is (hoofdstuk I) 
Het hexapeptide is gesynthetiseerd via een manuele en een geautomatiseerde 
methode en de verkregen resultaten zijn daarbij vergeleken met het resultaat 
van de overeenkomstige, geautomatiseerde synthese m b ν de door Merrifield 
geïntroduceerde drager 
Voor de vele verschillende reaktiestappen is nagegaan of de procedures, ont-
leend aan de klassieke peptide synthese in oplossing, ook bij de synthese 
aan de vaste drager bruikbaar bleven, en hoe de reaktieomstandigheden even-
tueel moesten worden aangepast om optimale resultaten te verkrijgen. 
De ß-sulfon-hars werd uit de door Merrifield geïntroduceerde drager ("Mern-
field-hars") verkregen door reactie met natrium-2-hydroxyethylmercaptide in 
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vloeibare ammoniak, gevolgd door een oxydatie met pertnfluorazijnzuur in 
dichloormethaan (hoofdstuk II, schema II 1) De verschillende synthesestappen 
werden daarbij met I R spectroscopie gevolgd 
Voor de inbouw van het eerste aminozuur, Boc-Gly, in de Mernfield-hars 
werd een betere procedure dan die in de literatuur beschreven, ontwikkeld 
Een goede incorporatie, onder uitsluiting van de meermalen gesignaleerde 
bijreacties van de gebruikte amines met de hars, kon namelijk gedurende 
relatief korte verestermgstijden worden verkregen door een suspensie van de 
Mernfield-hars in DMF te verhitten met het dicyclohexylammezout van een 
N-beschermd aminozuur 
De aanhechting van Boc-Gly aan de ß-sulfon-hars geschiedde met een 4 à 5 
voudige overmaat van dit aminozuurderivaat middels eenzelfde overmaat aan 
DCC, in dichloormethaan 
BIJ beide dragers konden gewenste mbouwpercentages door geschikt ge-
kozen reactietijden worden verkregen De incorporatie in de ß-sulfon-hars 
verliep echter, m tegenstelling tot die bij de Mernfield-hars, niet geheel lineair 
met de tijd en daalde wanneer schaalvergroting werd toegepast 
De hydroxylgroepen die na de inbouw van het eerste aminozuurderivaat in 
de ß-sulfon-hars nog waren overgebleven werden voor de verdere synthese 
geblokkeerd door deze te formyleren met het anhydride van azijnzuur en 
mierezuur 
Voor de afsplitsing van de aminozuurderivaten van de dragers werd een 
reagens ontwikkeld dat in het geval van de ß-sulfon-hars een ideale afsplits'ng 
te zien gaf Dit reagens bestond uit 0 25 ml 4 N NaOH, 2 25 ml methanol en 
7 5 ml dioxaan 
Voor de tijdelijke bescherming van de a-NH2-functie werd de zuurlabiele 
tert-butyloxycarbonylgroep gebruikt 
Mierezuur, dat een zeer geschikt reagens bleek voor de afsplitsing van deze 
Boe-groep bij de synthese in oplossing, faalde echter geheel wanneer het ging 
om de afsplitsing van genoemde groep bij de vaste-fase methode (hoofd-
stuk UI) 
Een onderzoek naar de bruikbaarheid van andere afsplitsreagentia voor dit 
doel toonde aan, dat met 0 33 M BF3 OEt2 m CH3COOH/HCOOH (1 1) ook 
bij de vaste-fase methode bij beide dragers een kwantitatieve afsplitsing van 
de Boe-groep kon worden verkregen terwijl reeds eerder was gebleken, dat 
met dit reagens geen schadelijke bijreacties met name t a ν de indolring van 
Trp optraden. 
Voor de synthese van het hexapeptide werden de zijketens van de L-argmine-
en de L-glutaminezuurrest beschermd met respectievelijk een mtrogroep en 
een tert-butylgroep 
Voor de bescherming van de imidazolgroep van histidine werd de Dnp-groep 
toegepast De Dnp-groep heeft als voordeel dat deze gemakkelijk en specifiek 
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kan worden verwijderd d m v thiolyse die bij de vaste-fase synthese het best 
met thiofenol/DMF (1 9) bleek te verlopen 
De koppelmgsreacties werden steeds met een overmaat aan DCC en N-be-
schermd aminozuur in CH2CI3 of CH2CI2 - DMF mengsels uitgevoerd 
BIJ de manuele synthese aan de ß-sulfon-hars werd echter een keer, namelijk 
bij de invoering van Boc-Arg(N02)-OH, de tnfenylfosfiet - imidazol methode, 
geïntroduceerd door Mitin, gebruikt, omdat deze methode bij de synthese 
in oplossing goede resultaten te zien had gegeven 
De inbouw bij de vaste-fase synthese bleek echter, zelfs na een herhaling 
van de koppeling met grote overmaten aan reagentia, verre van kwantitatief, 
waardoor uiteindelijk een duidelijk verontreinigd emdprodukt werd verkregen 
In geval van de geautomatiseerde synthese werd daarom ook voor deze kop-
peling het DCC als koppelmgsreagens toegepast, hetgeen tot veel betere 
resultaten bleek te leiden 
Tijdens de manuele synthese werd het syntheseverloop gevolgd door, zowel 
na iedere ontschermmg (van de a-NH2) als na iedere koppeling, een monster 
van het dragergebonden peptide m b v D L C en IR te analyseren 
BIJ de geautomatiseerde synthese is deze analyse met meer uitgevoerd na de 
ontschermmgsstap, omdat tijdens de onderbreking van de synthesegang die 
daartoe noodzakelijk is, nevenreakties kunnen optreden die het eindresultaat 
ongunstig beïnvloeden 
Mede tengevolge van deze kleine verbeteringen, doch voornamelijk dankzij 
het gebruik van de "peptide synthesizer", werden inderdaad bij de geautoma-
tiseerde synthesen met beide dragers veel betere emdprodukten verkregen 
{hoofdstuk IV) 
Voordat de peptiden op kwantitatieve wijze van de dragers werden gesplitst, 
werd de Dnp-groep afgesplitst, hetgeen aantrekkelijk is, daar het vrijkomende 
Dnp-denvaat dan eenvoudig door uitwassen van het peptide-hars complex 
kan worden gescheiden 
Voor de kwantitatieve afsplitsing van de peptiden werd gebruik gemaakt van 
het voor de afsplitsing bij de ß-sulfon-hars ontwikkelde basische reagens 
Tijdens de synthese aan de vaste dragers was reeds gebleken dat met dit 
reagens ook afsplitsing bij de Mernfield-hars kon worden bewerkstelligd On-
derzocht werd nu m dit stadium of deze afsplitsing bij de Mernfield-hars ook 
kwantitatief zou verlopen 
Daartoe werd eerst een onderzoek gewijd aan de optimale condities voor deze 
afsplitsmethode, omdat bekend is dat basische reagentia zowel racemisatie 
als andere ongewenste bijreacties, waaronder transpeptidatie, kunnen veroor-
zaken Verondersteld werd dat de eerst geconstateerde, relatief snelle af-
braak van het peptide het gevolg was van de transpeptidatie, die in dit geval 
sterk kan zijn bevoordeeld door het voorkomen van de daarvoor gunstig ge-
achte Glu-His sequentie De mogelijke rol die daarbij de nabuurparticipatie 
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van de imidazolgroep speelt is beschreven (paragraaf V-1-3, schema V 1) 
Het bleek echter dat het optreden van racemisatie en transpeptidatie ge-
durende de afsplitsing voorkomen kon worden door de peptide-harsen meer-
dere malen gedurende korte tijd (3 mm) met het afsplitsreagens te behandelen, 
zodat de afgesplitste peptidederivaten slechts korte tijd aan het alkalische 
milieu werden blootgesteld Dunnelaag-chromatografie alsmede smeltpunten 
en specifieke rotaties toonden aan dat de verschillende behandelingen steeds 
eenzelfde produkt van dezelfde zuiverheid opleverden 
Wat betreft de snelheid van afsplitsen kan worden opgemerkt dat de afsplitsing 
bij de ß-sulfon-hars wat gemakkelijker bleek dan bij de Mernfield-hars Zo 
bleek bij sterke agitatie, de afsplitsing bij de ß-sulfon-hars na een behandeling 
al vrijwel kwantitatief 
Een merkwaardig fenomeen is dat met het afsplitsreagens het beschermde 
peptide van beide harsen als mengsel van vrij zuur en overeenkomstige 
methylester wordt verkregen De zuur/ester verhouding bleek daarbij onder-
meer afhankelijk van de lengte van de peptideketen, de intensiteit van de 
agitatie tijdens de afsplitsing en vooral van de zweicapaciteit van, en het aan-
wezig zijn van water in het afsphtsreagens 
Verondersteld is, dat de twee produkten kunnen ontstaan doordat bij de 
ß-sulfon-hars ß-elimmatie (->- zuur) naast omestenng (->• ester), bij de Mern-
field-hars nucleofiele substitutie (ВдИ ->- zuur) en omestenng (-> ester) op­
treedt 
Daarnaast leidt de aanwezigheid van OH— ionen tot verzeping van de na de 
afsplitsing in oplossing geraakte methylester (hoofdstuk V, schema V2) 
De afhankelijkheid van de zuur/ester verhouding van de agitatiesterkte moet 
daarbij worden toegeschreven aan het voorkomen van een "micro-milieu" in 
de hars, dat van het hoofddeel der oplossing verschilt in concentratie m b t 
de verschillende ionen ( C H 3 0 — en O H - ) op grond van hun verschillend door­
dringingsvermogen 
De geautomatiseerde synthesen aan de twee verschillende dragers leverden 
beiden een produkt dat, na de isolatieprocedure, zondere verdere zuivering 
chromatografisch vrijwel geheel zuiver bleek te zijn 
Het rendement was 66% bij de ß-sulfon-hars en 76% bij de Mernfield-hars, 
uitgaande van de desbetreffende Boc-Gly-harsen 
De gehele synthese bij beide dragers volgens dezelfde procedure uitgevoerd 
(zie voor programma's paragraaf IV-2) kon in 78 uur worden voltooid 
De ß-sulfon-hars blijkt dus een zeer bruikbare drager voor deze synthese, 
maar als enig voordeel t o ν de Mernfield-hars kan slechts de iets gemak­
kelijkere afsplitsing worden genoemd 
Om een goede identificatie van alle mtermediairen bij de vaste-fase synthese 
mogelijk te maken werd een overeenkomstige synthese volgens klassieke 
methoden uitgevoerd (hoofdstuk VI, schema V /) 
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Bij deze synthese werd getracht zoveel mogelijk gebruik te maken van miere-
zuur voor de afsplitsing van de Boe-groep; daarbij moesten om bijreacties 
uit te sluiten hogere temperaturen worden vermeden. 
Onderzocht werd daarna of de verkregen peptide-formiaten direct konden 
worden ingezet voor verdere koppeling met actieve esters, waarbij het aan­
wezige mierezuur eventueel een katalytische rol zou kunnen vervullen. 
Hierbij bleek dat koppeling op deze wijze mogelijk was met de 1-succinimidyl 
ester. Tijdens de synthese van het hexapeptide in oplossing leidden koppe­
lingen uitgaande van deze peptide-formiaten echter tot sterk wisselende 
resultaten zodat deze methode niet algemeen toepasbaar kan worden geacht. 
BIJ de synthese van de uitgangsstoffen (aminozuurderivaten, hoofdstuk VII) 
werd allereerst uitvoerig stilgestaan bij de synthese, structuur en l ichtgevoelig­
heid van het Boc-His(Dnp)-OH. 
Voor de bereiding van deze verbinding werd uitgegaan van het Boc-His-OH, 
dat via de eenvoudige pH-staat methode uit het overeenkomstige aminozuur 
kon worden verkregen. 
M.b.v. N.M.R. werd onderzocht met welke imidazolstikstof de 2,4-dinitrofenyl-
groep was verbonden. 
Uit het onderzoek kon worden geconcludeerd, dat de groep gekoppeld moest 
zijn aan het tele-N-atoom. 
De verbinding bleek bij gebruik in oplossing zeer l ichtgevoelig en tot de vor­
ming van verschillende afbraakprodukten aanleiding te geven. 
Vervolgens werd de methode van Itoh m.b.t. de synthese van γ-tert-butyl-
N-benzyloxycarbonylglutamaat bestudeerd, omdat de methode aanzienlijk min­
der omslachtig zou zijn dan de oudere, gebruikeli jke syntheseweg. 
Het bleek echter dat deze snellere en eenvoudigere procedure het gewenste 
produkt in een nog lager rendement opleverde. 
Tenslotte werd een beschouwing gewijd aan de typische kenmerken en de 
beperkingen van de vaste-fase synthese {hoofdstuk VIII). Daarbij worden de 
verschil len tussen deze syntheseprocedure en de klassieke synthese in op­
lossing geïllustreerd met resultaten van het, in dit proefschrift beschreven, 
onderzoek. 
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CURRICULUM VITAE 
De auteur werd op 11 februari 1945 te Oss geboren als zoon van Nicolaas 
Buis en Wilhelmina Martina Meijs en is getogen m het ca. 5 km noordelijker 
gelegen Macharen, waarbij reeds vanaf Pasen 1949 door hem, voor de eerste 
vorming als kleuter, een dagelijkse tocht naar Megen moest worden onder-
nomen. 
In de periode 1951 -1957 werd door hem het lager onderwijs aan de Petrus 
Bandenschool te Macharen genoten, alwaar hij uiteindelijk, onder het wakend 
oog van pastoor J. A. van de Wiel, doch voornamelijk onder de goede leiding 
van "meester" M. M. Wouters werd voorbereid op het Titus Brandsmalyceum 
te Oss. 
Genoemd lyceum werd door hem bezocht in de periode 1957-1962, waarbij 
hem gedurende de laatste jaren van zijn verblijf aldaar de belangstelling voor 
en de kennis van de scheikunde werden bijgebracht door zijn leraar drs. 
A. G. Theelen o.carm. 
Op 18 juni 1962 werd deze periode afgesloten met het behalen van het eind-
diploma H.B.S.-B. 
In september van hetzelfde jaar Net de auteur zich inschrijven aan de 
Katholieke Universiteit van Nijmegen, alwaar tezelfdertijd het chemieonderwijs 
van start ging. Op 4 juli 1966 werd het kandidaatsexamen (S,) afgelegd. 
Voor de doctoraalstudie werd door de auteur als hoofdvak organische chemie 
en als bijvakken biochemie en capita uit de chemie gekozen. De biochemie-
bijvakstudie, o.l.v. dr. J. G. G. Schoenmakers vond plaats op de afdeling van 
prof. dr. H. Bloemendal, de daaraanvolgende hoofdvakstudie o.l.v. dr. G. I. 
Tesser op de afdeling van prof. dr. R. J. F. Nivard. 
Tijdens de hoofdvakstudie, waarbij de auteur vanaf juli 1968 een kandidaat-
assistentschap in S.O.N.-verband (Z.W.O) bekleedde, werd door hem aan het 
ACTH-onderzoek bijgedragen door de synthese van vier verkorte analoga van 
dit hormoon. Op 27 oktober 1969 werd het doctoraalexamen met de aan-
tekening onderwijsbevoegdheid behaald. 
Voor het in het kader van zijn opleiding verricht wetenschappelijk werk werd 
hem de faculteitsprijs voor chemie van het academisch jaar '68- '69 verleend. 
Op 1 november 1969 werd hij tot wetenschappelijk medewerker in S.O.N.-
verband (Z.W.O.) bevorderd, en werd met het in dit proefschrift beschreven 
onderzoek o.l.v. prof. dr. R. J. F. Nivard en dr. G. I. Tesser een aanvang ge-
nomen. 
Gedurende de periode van genoemd onderzoek had de auteur het genoegen. 
mede daartoe in staat gesteld door hem door de S.O.N, verleende stipendia, 
zowel het 11e als het 12e Europese Peptide Symposium, respectievelijk te 
Wenen (april 1971) en te Reinhardsbrunn (DDR, september 1972), bij te wonen. 
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Daar de christen-democratie ook in de toekomst een duidelijk eigen alter-
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van het bestaansrecht van christen-democratische partijen alleen kan be-
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In het kader van het door de overheid te voeren beleid ter bevordering van de 
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overheid de verkoop van genoemd merk te stimuleren door de B.T.W. te laten 
vervallen 
XIV 
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